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1.0 INTRODUCTION 

Presented herein is the Air Sampling Quality Assurance Project Plan (QAPP) for the sampling event to 
be conducted at the Sweet Kleen Laundry site by the Region 2 Removal Support Team (RST). The 
site QAPP has been developed at the request of the United States Environmental Protection Agency 
(EPA) in accordance with the RST generic Quality Assurance Project Plan (QAPP). 

This plan is based on information currently available and may be modified on site in light of field 
screening results and other acquired information. All deviations from this QAPP will be noted in the 
Sampling Trip Report. 

2.0 PROJECT DESCRIPTION 

On December 16,2003, EPA and RST conducted a site reconnaissance/inspection at the site. The site 
is located at 760 Kensington Avenue in Buffalo, Erie County, New York (see Figure 1) and consists of 
several buildings connected by a courtyard area on approximately 2 acres. The buildings appeared to 
be structurally sound, however, there were extensive open areas which resulted from roof collapse. 

RST conducted a Level B entry into the site building to Conduct air monitoring for organic vapors and 
radiation. The air monitoring results indicated that all parameters monitored were either below or at 
background levels established prior to site entry in the parking Jot area. RST collected bulk samples 
from different suspected asbestos containing material including pipe insulation and debris material from 
the south side building area. Analytical results confirmed the presence of asbestos. It was estimated 
that 1,000 linear feet of pipe insulation exists at various locations throughout the site buildings. The 
outer diameter of the insulation appeared to range from 3 to 6 inches. 

RST also collected drum waste samples for waste disposal analyses (RCRA characteristics and full 
TCLP). Analytical results indicated that the drum wastes exhibited TCLP tetrachloroethylene 
concentrations in excess of its RCRA regulatory level of 0.7 mg/1 and should be classified as a RCRA 
hazardous waste (EPA waste code D039). 

RST has been tasked to perform air sampling for asbestos and particulate air monitoring during ACM 
abatement and building demolition. RST has also been tasked to perform organic vapor air monitoring 
during drum/container removal. 

3.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

The EPA On-Scene Coordinator (OSC), Kevin Matheis, will provide overall direction to the staff 
concerning project sampling needs, objectives, and schedule. The Site Project Manager (SPM), 
Aaron Levy will be the primary point of contact with the OSC. The SPM is responsible for the' 
development and completion of the Sampling QAJQC Plan, project team organization, and supervision 
of all project tasks, including reporting and deliverables. The Site QC Coordinator will be responsible 
for ensuring field adherence to the Sampling QA/QC Plan and recording of any deviations. 
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The ERRS contractor, WRS Infrastructure & Environment, Inc. will subcontract to EMSL Analytical, 
Inc., Depew, New York for the performance of all laboratory analysis. 

The following personnel will work on this project: 

Personnel Responsibility 

Kevin Matheis 
Aaron Levy 
To Be Determined 

On-Scehe Coordinator 
Site Project Manager, Sample Collection and Management 
Sample Collection and Management 

The following laboratory will provide the following analyses: 

Lab Name/Location Sample Typo Parameters 

Asbestos - Phase Contrast Microscopy EMSL Analytical, Inc. Air 
490 Rowley Road 
Depew, NY 14043 

(PCM); 

Asbestos - Transmission Electron 
Microscopy (TEM) 

The OSC has requested 24 hour verbal and two week written analytical turnaround times. 

4.0 DATA USE OBJECTIVES, QA OBJECTIVES 

In addition to the following, the Data Used Objectives, QA Objectives procedure will be conducted in 
accordance with Sections A7, B2, B4, and B5 of the Region 2 RST QAPP. 

The objective of the asbestos air sampling and particulate monitoring project is to determine the 
concentrations of asbestos fibers and nuisance dust in exterior air along the site boundary and other 
background areas during die ACM abatement and building demolition operations. The objective of the 
organic vapor air monitoring is to ensure no organic vapors are released into the surrounding 
environment during drum/container removal. 

The samples for asbestos will be submitted for phase contrast microscopy (PCM) analysis and if 
necessary, transmission electron microscopy (TEM). When PCM analysis indicates a total fiber count 
above the Occupational Safety and Health Administration (OSHA) permissible exposure limit (PEL) 
^^the Rational Institute for Occupational Safety and Health (NIOSH) recommended exposure level 
(REL) of 0.1 fibers/cubic centimeter of air, TEM will be used to identify asbestos fibers from non-
asbestos fibers. 
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4.1 Data Use Objectives 

The overall Quality Assurance (QA) objective for chemical measurement data associated with this 
sampling event is to provide analytical results that are legally defensible in a court of law. The QA 
program will incorporate Quality Control (QC) procedures for field sampling, chain of custody, 
laboratory analyses and reporting to assure generation of sound analytical results. 

The EPA On-Scene Coordinator (OSC) has specified a level of QA-1 for this sampling event. Details 
of this QA level are provided below. 

4.2 QA Objectives 

The QA Protocols for a Level 1 QA objective sampling event are applicable to all sample matrices and 
include: 

1. Sample documentation in the form of field logbooks, appropriate field data sheets, and 
chain of custody records (chain of custody records are optional for field screening 
locations). 

2. Calibration of all monitoring and/or field-portable analytical equipment prior to 
collection and analyses of samples with results and/or performance check 
procedures/methods summarized and documented in a field, personal, and/or 
instrument log notebook. 

3. Field or laboratory determined method detection limits (MDLs) will be recorded along 
with corresponding analytical sample results, where appropriate. 

The objective of this project/event applies to the following parameters: 

TABLE 1: QUALITY ASSURANCE OBJECTIVES 

QA Parameters Matrix Intended Use of Data QA Objective 

Asbestos Air Determine the presence or QA-1 
absence of asbestos fibers 

A Field Sampling Summary is attached in Table 2 and a QA/QC Analysis and Objectives Summary is 
attached in Table 3. Section 5.1, Sampling Design, provides information on the analyses to be 
performed. « 
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TABLE 2: FIELD SAMPLING SUMMARY 

Analytical 
Parameters 

Matrix Sample 
Medium 

Preservative Holding 
Time 

Subtotal 
Samples 

Field 
Blank 

Total 
; Samples** 

Asbestos -
PCM 

Air 0.8 urn MCE 
filter 

None None 5/day 1/day TBD 

Asbestos -
TEM 

Air 0.8 urn MCE 
filter 

None None 5/day * 1/day TBD 

* actual number of TEM analyses will be based on results of the PCM analyses. Five samples will be collected daily 
and held for potential analysis. 

** — total number of samples collected will be based on project duration. 

TABLE 3: QA/QC ANALYSIS AND OBJECTIVES SUMMARY 

MATRIX ANALYTICAL 
PARAMETER 

Analytical Method Reference . QA/QC Quantitation Limits 

Air Asbestos NIOSH Method No. 7400 (PCM), 
modified to include one (1) field 

—^—= hlank ner Hav 

As per method 

Air Asbestos NIOSH Method No. 7402 (TEM), 
modified to include one (1) field 

_ hlank ner Hav 

As per method 

5.0 APPROACH AND SAMPLING PROCEDURES 

In addition to the following, the approach and sampling procedures will be Conducted in accordance 
with Sections B1 and B4 of the EPA Region 2 RST QAPP. 

RST will conduct air sampling, organic vapor monitoring and particulate air monitoring at the Sweet 
Kleen Laundry site. 

This sampling design is based on information currently available and may be modified on site in light of 
field screening results and other acquired information. All deviations from the sampling plan will be 
noted in the Sampling Trip Report. 

5.1 Sampling Design 

RST will conduct outdoor air sampling and particulate monitoring at five perimeter/background locations 
during an initial three day sample period (May 24-26,2005) to determine background/baseline 
concentrations. These sampling locations will be determined in the field and may vary depending on 
daily site conditions. 

RST Region 2 
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Samples collected for asbestos will be collected over an eight hour time period at an approximate flow 
rate of 2.0 liters per minute. For asbestos, the minimum volume required pursuant to NIOSH Methods 
7400/7402 is 400 liters. Additionally, QA/QC samples will include the submission of one field blank per 
day: A total of six air samples per day will be collected and submitted for laboratory analysis during this 
initial background sampling episode. 

RST will also conduct outdoor air sampling and particulate monitoring at those same locations discussed 
above during each day of ACM abatement and building demolition operations. Again, sampling 
locations may vary depending on daily site conditions. A total of six air samples per day will be 
collected and submitted for laboratory analysis over the duration of site operations. 

As stated above in Section 4.0, the samples will be submitted for PCM analysis and, if necessary, TEM. 
When PCM analysis indicates a total fiber count above the OSHA PEL and the NIOSH REL of 0.1 
fibers/cubic centimeter of air, TEM will be used to identify asbestos fibers from non-asbestos fibers. 

In addition to air sampling at the above stated locations, total particulate air monitoring will also be 
performed at each location during the initial background event and during each day of site operations. 
Organic vapor air monitoring will be performed during drum/container removal operations only. 

5.2 Schedule of Activities 

Proposed Start Date Activity End Date 

May 24,2005 Air Sampling and To be determined 
Monitoring 

5.3 Sampling/Monitoring Equipment 

Air samples will be collected utilizing SKC Model 224-PCXR8 sample pumps with 25 mm, three piece 
cassettes with conductive extension cowl and 0.8 um mixed cellulose ester (MCE) filter. Pump flow 
rates will be measured (calibrated) before and after sample collection utilizing a BIOS Dry Cell flow 
meter. 

Particulate air monitoring will be performed utilizing MIE DR-4000 Data Rams. Organic vapor 
monitoring will performed utilizing a RAE Systems MultiRAE Plus Multi-Gas Monitor with PID. Prior 
to use each day, they will be calibrated in accordance with the manufacturer's instructions. 

5.4 Sample Identification System 

Each sample collected by Region 2 RST will be designated by a code which will identify the site The 
u !* 3 S"eT fie Pr0jeC' number- The to to Sweet Kleen Lanndty site is 

Mtows ^ 6 C°lleC,ed a"d anal5'Zed f°r ̂  and TCM wiU U specif* numbers as 
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Example SKL-AAS-01 where: 

SKL = Sweet Kleen Laundry; 
AAS = Asbestos air sample; 
0 1 =  S a m p l e  #  1 .  

5.5 Standard Operating Procedures (SOPs) 

5.5.1 Sample Documentation 

All sample documents will be completed legibly, in ink. Any corrections or revisions will be made by 
lining through the incorrect entry and by initialing the error. 

FIELD LOGBOOK 

The field logbook is essentially a descriptive notebook detailing site activities and observations so that an 
accurate account of field procedures can be reconstructed in the writer's absence. All entries will be 
dated and signed by the individuals making the entries, and should include (at a minimum) the following: 

1. Site name and project number 
2, Name(s) of personnel on site 
3. Dates and times of all entries (military time preferred) 
4. Descriptions of all site activities, site entry and exit times 
5. Noteworthy events and discussions 
6. Weather conditions 
7. Site observations 
8. Sample and sample location identification and description* 
9. Subcontractor information and names of on-site personnel 
10. Date and time of sample collections, along with chain of custody information 
11. Record of photographs 
12, Site sketches 

* - The description of the sample location will be noted in such a manner as to allow the reader to 
reproduce the location in the field at a later date. 

SAMPLE LABELS 

Sample labels will clearly identify the particular sample, and should include the following: 

1. Site/project number. 
2. Sample identification number. 
3. Sample collection date and time. 
4. Designation of sample (grab or composite). 
5- Sample preservation, 
6. Analytical parameters. 1 

7. Name of sampler. 
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Sample labels will be written in indelible ink and securely affixed to the sample cassette. 

CUSTODY SEALS 

Custody seals demonstrate that a sample container has not been tampered with, or opened. The 
individual in possession of the sample(s) will sign and date the seal, affixing it in such a manner that the 
container cannot be opened without breaking the seal. The name of this individual, along with a 
description of the sample packaging, will be noted in the field logbook. 

5.5.2 Sampling SOPs 

The following Sampling SOPs will he used for this project: 

1. EPA/ERT SOP No. 2015- Asbestos Sampling (Attachment 2); > 

2. NIOSH Method 7400 - Asbestos and other fibers by PCM (Attachment 3); 
3. NIOSH Method 7402 - Asbestos by TEM (Attachment 4). 

5.5.3 Sample Handling and Shipment 

Sample cassettes submitted to the laboratory will be sealed and labeled according to the following 
protocol. Cassette labels will contain all required information including the site/project code, sample 
number, time and date of collection, analyses requested, elapsed time, volume and averaged flow rate. 
Cassettes will be placed in a zip lock plastic bag. The zip lock bag will be secured with a custody seal, 
placed in the appropriate shipping box and delivered via courier service. All sample documentation will 
accompany the samples. 

5.6 Sample Containers 

All sample containers will meet the QA/QC specifications in OSWER Directive 9240.0-05A, 
"Specifications and Guidance for Contaminant Free Sample Containers". 

5.7 Disposal of PPE and Contaminated Sampling Materials 

All used PPE and disposable sampling equipment will be placed in trash bags and disposed as part of 
the ACM abatement/building demolition project. 

6.0 SAMPLE CUSTODY 

In addition to the following, the Sample Custody procedure will be conducted in accordance with 
Section B3 of the Region 2 RST QAPP. 
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A chain of custody record will be maintained from the time the sample is taken to its final deposition. 
Every transfer of custody must be noted and signed for, and a copy of this record kept by each 
individual who has signed. When samples (or groups of samples) are not under direct control of the 
individual responsible for them, they must be stored in a locked container sealed with a custody seal. 
Specific information regarding custody of the samples projected to be collected on the weekend will be 
noted in the field logbook. 

The chain of custody record should include (at minimum) the following: 

1. Sample identification number 
2, Sample information 
3. Sample location 
4. Sample date 
5. Name(s) and signature(s) of sampler(s) 
6. Signature(s) of any individual(s) with custody of samples 

A separate chain of custody form must accompany each shipping container for each daily shipment. 
The chain of custody form must address all samples in that cooler, but not address samples in any other 
shipping container. This practice maintains the chain of custody for all samples in case of mis-shipment. 

7.0 FIELD INSTRUMENT CALIBRATION AND PREVENTIVE MAINTENANCE 

In addition to the following, the Field Instrument and Preventative Maintenance procedure will be 
conducted in accordance with Section B6 of the Region 2 RST QAPP. 

The sampling team is responsible for assuring that a calibration/maintenance log will be brought into the 
field and maintained for each measuring device. Each log will include at a minimum, where applicable: 

• name of device and/or instrument calibrated 
• device/instrument serial and/or ID number 
• frequency of calibration 
• date of calibration 
• results of calibration 
• name of person performing the calibration 
• identification of the calibrant 

Equipment to be used each day will be calibrated prior to the commencement of daily activities. 

8.0 ANALYTICAL METHODS 

Analytical methods to be utilized in the analyses of samples collected during this sampling event are 
detailed in Table 3. 
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9.0 DATA REDUCTION, VALIDATION, AND REPORTING 

In addition to the following, the Data Reduction, Validation, and Reporting procedure will be conducted 
in accordance with Sections D1, D2, and D3 of the Region 2 RST QAPP. 

9.1 Deliverables 

The RST SPM, Aaron Levy, will maintain contact with the EPA OSC, Kevin Matheis to keep him 
informed about the technical and financial progress of this project. This communication will commence 
with the issuance of the work assignment and project scoping meeting. Activities under this project will 
be reported in status and trip reports and other deliverables (e.g., analytical reports, final reports) 
described herein. Activities will also be summarized in appropriate format for inclusion in monthly and 
annual reports. 

The following deliverables will be provided under this project: 

DAILY REPORTS 

A daily report will be prepared to provide a detailed accounting of what occurred during each day's 
sampling and monitoring. The daily report will be prepared with the verbal (preliminary) analytical 
results from that day's activities. The daily report will be submitted within two days of the receipt of the 
preliminary analytical results. Information provided will include: 

1. maps of sampling locations; 
2. weather conditions; 
3. particulate monitoring results; 
4. asbestos sampling results. 

MAPS/FIGURES 

Maps depicting site layout, contaminant source areas, and sample locations will be included in the dailv 
reports, as appropriate. 

ANALYTICAL REPORT 

An analytical report will be prepared by EMSL Analytical, Inc. for samples analyzed under this plan. 
ormation regarding the analytrcal methods or procedures employed, sample results, QA/QC results 

chain of custody documentatron, laboratory correspondence, and raw data will be provided within this 
deliverable. 
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DATA REVIEW 

A review of the data generated under this plan will be undertaken. The assessment of data acceptability 
or usability will be provided separately, or as part of the analytical report. 

9.2 Data Validation 

Due to the quality assurance level (QA-1) associated with this project, data validation is not required. 

10.0 FIELD QUALITY CONTROL CHECKS AND FREQUENCY 

In addition to the following, the Field Quality Control Checks and Frequency procedure will be 
conducted in accordance with Section B7 of the Region 2 RST QAPP. 

This section details the Quality Assurance/Quality Control (QA/QC) requirements for field activities 
performed during the sampling effort. 

QA/QC samples will include the collection of one field blank at the frequency of one per day. Field 
blanks place a mechanism of control on sample handling, storage and shipment. Field blanks are also 
indicative of ambient conditions and/or equipment conditions that may potentially affect the quality of the 
associated samples. 

11.0 SYSTEM AUDIT 

In addition to the following, the System Audit procedure will be conducted in accordance with Section 
CI of the Region 2 RST QAPP. 

The Field QA/QC Officer will observe sampling operations and review subsequent analytical results to 
ensure compliance with the QA/QC requirements of the project/sampling event. 

12.0 CORRECTIVE ACTION 

In addition to the following, the Corrective Action procedure will be conducted in accordance with 
Section CI of the Region 2 RST QAPP. 

All provisions will be taken in the field and laboratory to ensure that any problems that may develop will 
be dealt with as quickly as possible to ensure the continuity of the project/sampling events. Any 
deviations from this sampling plan will be noted in the final report. 
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ATTACHMENT 1 

Site Location Map 
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ASBESTOS SAMPLING 
SOP#: 2015 

DATE: 11/17/94 
REV. #: 0.0 

1.0 SCOPE AND APPLICATION 

Asbestos has been used in many commercial products 
including building materials such as flooring tiles and 
sheet goods, paints and coatings, insulation, and 
roofing asphalts. These products and others may be 
found at hazardous waste sites hanging on overhead 
pipes, contained in drums, abandoned in piles, or as 
part of a structure. Asbestos tailing piles from mining 
operations can also be a source of ambient asbestos 
fibers. Asbestos is a known carcinogen and requires 
air sampling to assess airborne exposure to human 
health. This Standard Operating Procedure (SOP) 
provides procedures for asbestos air sampling by 
drawing a known volume of air through a mixed 
cellulose ester (MCE) filter. The filter is then sent to 
a laboratory for analysis. The U.S. Environmental 
Protection Agency/Environmental Response Team 
(U.S. EPA/ERT) uses one of four analytical methods 
for determining asbestos in air. These include: U.S. 
EPA's Environmental Asbestos Assessment Manual, 
Superfund Method for the Determination of Asbestos 
in Ambient Air for Transmission Electron Microscopy 
(TEM)n); U.S. EPA's Modified Yamate Method for 
TEMC); National Institute for Occupational Safety and 
Health (NIOSH) Method 7402 (direct method only) 
for TEM; and NIOSH Method 7400 for Phase 
Contrast Microscopy (PCM)<3). Each method has 
specific sampling and analytical requirements (i.e., 
sample volume and flow rate) for determining 
asbestos in air. 
The U.S. EPA/ERT typically follows procedures 
outlined in the TEM methods for determining 
mineralogical types of asbestos in air and for 
distinguishing asbestos from non-asbestos minerals. 
The Phase Contrast Microscopy (PCM) method is 
used by U.S. EPA/ERT as a screening tool since it is 
less costly than TEM. PCM cannot distinguish 
asbestos from non-asbestos fibers, therefore the TEM 
method may be necessary to confirm analytical 
results. For example, if an action level for the 
presence of fibers has been set and PCM analysis 
indicates that the action level has been exceeded, then 

TEM analysis can be used to quantify and identify 
asbestos structures through examination of their 
morphology crystal structures (through electron 
diffraction), and elemental composition (through 
energy dispersive X-ray analysis). In this instance 
samples should be collected for both analyses in side 
by side sampling trains (some laboratories are able to 
perform PCM and TEM analysis from the same filter). 
The Superfund method is designed specifically to 
provide results suitable for supporting risk 
assessments at Superfund sites, it is applicable to a 
wide range of ambient air situations at hazardous 
waste sites. U.S. EPA's Modified Yamate Method for 

.TEM is also used for ambient air sampling due to high 
volume requirements. The PCM and TEM NIOSH 
analytical methods require lower sample volumes and 
are typically used indoors; however, ERT will 
increase the volume requirement for outdoor 
application. 

Other Regulations pertaining to asbestos have been 
promulgated by U.S. EPA and OSHA. U.S. EPA's 
National Emission Standards for Hazardous Air 
Pollutants (NESHAP) regulates asbestos-containing 
waste materials. NESHAP establishes management 
practices and standards for the handling of asbestos 
and emissions from waste disposal operations (40 
CFR Part 61, Subparts A and M). U.S. EPA's 40 CFR 
763 (July 1, 1987)w and its addendum 40 CFR 763 
(October 30, 1987)<4) provide comprehensive rules for 
the asbestos abatement industry. State and local 
regulations on these issues vary and may be more 
stringent than federal requirements. The OSHA 
regulations in 29 CFR 1910,1001 and 29 CFR 
1926,58 specify work practices and safety equipment 
such as respiratory protection and protective clothing 
when handling asbestos. The OSHA standard for an 
8-hour, time-weighted average (TWA) is 0.2 
fibers/cubic centimeters of air. This standard pertains 
to fibers with a length-to-width ratio of 3 to 1 with a 
fiber length >5 pm,5<). An action level of 0.1 fiber/cc 
(one-half the OSHA standard) is the level U.S. EPA 
has established in which employers must initiate such 
activities as air monitoring, employee training, and 
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medical surveillance15,6*. 

These are standard (i.e., typically applicable) 
operating procedures which may be varied or changed 
as required, dependent upon site Conditions, 
equipment limitations or limitations imposed by the 
procedure. In all instances, the ultimate procedures 
employed should be documented and associated with 
the final report. 

Mention of trade names or commercial products does 
not constitute U.S. EPA endorsement or 
recommendation for use. 

2.0 METHOD SUMMARY 

Prior to sampling, the site should be characterized by 
identifying on-site as well as off-site sources of 
airborne asbestos. The array of sampling locations 
and the schedule for sample collection, is critical to 
the success of an investigation. Generally, sampling 
strategies to characterize a single point source are 
fairly straightforward, while multiple point sources 
and area sources increase the complexity of the 
sampling strategy. It is not within the scope of this 
SOP to provide a generic asbestos air sampling plan. 
Experience, objectives, and site characteristics will 
dictate the sampling strategy. 

During a site investigation, sampling stations should 
be arranged to distinguish spatial trends in airborne 
asbestos concentrations. Sampling schedules should 
be fashioned to establish temporal trends. The 
sampling strategy typically requires that the 
concentration of asbestos at the source (worst case) or 
area of concern (downwind), crosswind, as well as 
background (upwind) contributions be quantified. See 
Table 1 (Appendix A) for U.S. EPA/ERT 
recommended sampling set Up for ambient air. Indoor 
asbestos sampling requires a different type of strategy 
which is identified in Table 2 (Appendix A). It is 
important to establish background levels of 
contaminants in order to develop a reference point 
from which to evaluate the source data. Field blanks 
and lot blanks can be utilized to determine other 
sources. 

Much information can be derived from each analytical 
method previously mentioned. Each analytical 
method has specific sampling requirements and 
produce results which may of may not be applicable 
to a specific sampling effort. The site sampling 

objectives Should be carefully identified so as to select 
the most appropriate analytical method. Additionally, 
some preparation (i.e., lot blanks results) prior to site 
sampling may be required, these requirements are 
specified in the analytical methods. 

3.0 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

3.1 Sample Preservation 

No preservation is required for asbestos samples. 

3.2 Sample Handling, Container and 
Storage Procedures 

1. Place a sample label on the cassette 
indicating a unique sampling number. Do 
not put sampling cassettes in shirt or coat 
pockets as the filter can pick up fibers. The 
original cassette box is used to hold the 
samples. 

2. Wrap the cassette individually in a plastic 
sample bag. Each bag should be marked 
indicating sample identification number, total 
volume, and date, 

3. The wrapped sampling cassettes should be 
placed upright in a rigid container so that the 
cassette cap is on top and cassette base is on 
bottom. Use enough packing material to 
prevent jostling or damage, Do not use 
vermiculite as packing material for samples. 
If possible, hand carry to lab. 

4. Provide appropriate documentation with 
samples (i.e., chain of custody and requested 
analytical methodology). 

4 0  I N T E R F E R E N C E S  A N D  
POTENTIAL PROBLEMS 

Flow rates exceeding 16 liters/minute (L/min) which 
could result in filter destruction due to (a) failure of its 

- physical support under force from the increased 
Pressure drop; (b) leakage of air around the filter 
mount so that the filter is bypassed, or (c) damage to 
the asbestos structures due to increased impact 
velocities. 
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4.1 U.S. EPA's Superfund Method 

4.1.1 Direct-transfer TEM Specimen 
Preparation Methods 

Direct-Transfer TEM specimen preparation methods 
have the following significant interferences: 

• The achievable detection limit is restricted 
by the particulate density on the filter, which 
in turn is controlled by the sampled air 
volume and the total suspended particulate 
concentration in the atmosphere being 
sampled. 

• The precision of the result is dependent on 
the uniformity of the deposit of asbestos 
structures on the sample collection filter. 

• Air samples must be collected so that they 
have particulate and fiber loadings within 
narrow ranges! If too high a particulate 
loading occurs on the filter, it is not possible 
to prepare satisfactory TEM specimens by a 
direct-transfer method. If too high a fiber 
loading occurs on the filter, even if 
satisfactory TEM specimens can be prepared, 
accurate fiber counting will not be possible. 

4.1.2 Indirect TEM Specimen Preparation 
Methods 

Indirect TEM specimen preparation methods have the 
following interferences: 

• The size distribution of asbestos structures is 
modified. , 

• There is increased opportunity for fiber loss 
or introduction of extraneous contamination. 

• When sample collection filters are ashed, any 
fiber contamination in the filter medium is 
concentrated on the TEM specimen grid. 

It can be argued that direct methods yield an under
estimate of the asbestos structure concentration 
because many of the asbestos fibers present are 
concealed by other particulate material with which 
they are associated. Conversely, indirect methods can 
be considered to yield an over-estimate because some 
types of complex asbestos structures disintegrate 

during the preparation, resulting in an increase in the 
numbers of structures counted. 

4.2 U.S. EPA's Modified Yamate 
Method for TEM 

High concentrations of background dust interfere with 
fiber identification, 

4.3 NIOSH Method for TEM 

Other amphibole particles that have aspect ratios 
greater than 3:1 and elemental compositions similar to 
the asbestos minerals may interfere in the TEM 
analysis. Some non-amphibole minerals may give 
electron diffraction patterns similar to amphiboles. 
High concentrations of background dust interfere with 
fiber identification. 

4.4 NIOSH Method for PCM 

PCM cannot distinguish asbestos from non-asbestos 
fibers; therefore, all particles meeting the counting 
criteria are counted as total asbestos fibers. Fiber less 
than 0.25 um in length will not be detected by this 
method. High levels of non-fibrous dust particles may 
obscUre fibers in the field of view and increase the 
detection limit. 

5.0 EQUIPMENT/MATERIALS 

5.1 Sampling Pump 

The constant flow or critical orifice controlled 
sampling pump should be capable of a flow-rate and 
pumping time sufficient to achieve the desired volume 
of air sampled, 

The lower flow personal sampling pumps generally 
provide a flow rate of 20 cubic centimeters/minute 
(cc/min) to 4 L/min. These pumps are usually battery 
powered. High flow pumps are utilized when flow 
rates between 2 L/min to 20 L/min are required. High 
flow pumps are used for short sampling periods so as 
to obtain the desired sample volume. High flow 
pumps usually run on AC power and can be plugged 
into a nearby outlet. If an outlet is not available then 
a generator should be obtained. The generator should 
be positioned downwind from the sampling pump. 
Additional voltage may be required if more than one 
pump is plugged into the same generator. Several 
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V. 

electrical extension cords may be required if sampling 
locations are remote. 

The recommended volume for the Superfund method 
(Phase I) requires approximately 20 hours to collect. 
Such pumps typically draw 6 amps at full power so 
that 2 lead/acid batteries should provide sufficient 
power to collect a full sample. The use of line 
voltage, where available, eliminates the difficulties 
associated with transporting stored electrical energy. 

A stand should be used to hold the filter cassette at the 
desired height for sampling and the filter cassette shall 
be isolated from the vibrations of the pump. 

5.2 Filter Cassette 

The cassettes are purchased with the required filters in 
position, or can be assembled in a laminar flow hood 
or clean area. When the filters are in position, a 
shrink cellulose band or adhesive tape should be 
applied to cassette joints to prevent air leakage. 

5.2.1 TEM Cassette Requirements 

Commercially available field monitors, comprising 
25 mm diameter three-piece cassettes, with 
conductive extension cowls shall be used for sample 
collection. The cassette must be new and not 
previously used. The cassette shall be loaded with an 
MCE filter of pore size 0.45 pm, and supplied from a 
lot number which has been qualified as low 
background for asbestos determination. The cowls 
should be constructed of electrically conducting 
material to minimize electrostatic effects. The filter 
shall be backed by a 5 pm pore Size MCE filter 
(Figure 1, Appendix B). 

5.2.2 PCM Cassette Requirements 

NIOSH Method 7400, PCM involves using a 0.8 to 
1.2 pm mixed cellulose ester membrane, 25 mm 
diameter, 50 mm conductive cowl on cassette (Figure 
2, Appendix B). Some labs are able to perform PCM 
and TEM analysis on the same filter; however, this 
should be discussed with the laboratory prior to 
sampling. 

5.3 Other Equipment 

• Inert tubing with glass cyclone and hose barb 
• Whirlbags (plastic bags) for cassettes 

• Tools - small screw drivers 
• Container - to keep samples upright 
• Generator or electrical outlet (may not be 

required) 
• Extension cords (may not be required) 
• Multiple plug outlet 
• Sample labels 
• Air data sheets 
• Chain of Custody records 

6.0 REAGENTS 

Reagents are not required for the preservation of 
asbestos samples. 

7.0 PROCEDURES 

7.1 Air Volumes and Flow Rates 

Sampling volumes are determined on the basis of how 
many fibers need to be collected for reliable 
measurements. Therefore, one must estimate how 
many airborne fibers may be in the sampling location. 

Since the concentration of airborne aerosol 
contaminants will have some effect on the sample, the 
following is a suggested criteria to assist in selecting 
a flow rate based on real-time aerosol monitor (RAM) 
readings in milligramS/cubic meter (mg/m3). 

Concentration Flow Rate 
• Low RAM readings: <6.0 mg/m3 11-15. L/min 
• Medium RAM readings:>6.0 mg/m3 7.5 L/min 
• High RAM readings: >10. mg/m3 2.5 L/min 

In practice, pumps that are available for environmental 
sampling at remote locations operate under a 
maximum load of approximately 12 L/min. 

7.1.1 U.S. EPA's Superfund Method 

The Superfund Method incorporates an indirect 
preparation procedure to provide flexibility in the 
amount of deposit that be can be tolerated on the 
sample filter and to allow for the selective 
concentration of asbestos prior to analysis. To 
minimize contributions to background contamination 
from asbestos present in the plastic matrices of 
membrane filters while allowing for sufficient 
quantities of asbestos to be collected, this method also 
requires the collection of a larger volume of air per 
unit area of filter than has traditionally been collected 
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for asbestos analysis. Due to the need to collect large 
volumes of air, higher sampling flow rates are 
recommended in this method than have generally been 
employed for asbestos sampling in the past. As an 
alternative, samples may be collected over longer time 
intervals. However, this restricts the flexibility 
required to allow samples to be collected while 
uniform meteorological conditions prevail. 

The sampling rate and the period of sampling should 
be selected to yield as high a sampled volume as 
possible* which will minimize the influence of filter 
contamination. Wherever possible, a volume of 15 
cubic meters (15,000 L) shall be sampled for those 
samples intended for analysis only by the indirect 
TEM preparation method (Phase 1 samples). For 
those samples to be prepared by both the indirect and 
the direct specimen preparation methods (Phase 2 
samples), the volumes must be adjusted so as to 
provide a suitably-loaded filter for the direct TEM 
preparation method. One option is to collect filters at 
several loadings to bracket the estimated optimum 
loading for a particular site. SUch filters can be 
screened in the laboratory so that only those filters 
closest to optimal loading are analyzed. It has been 
found that the volume cannot normally exceed 5 cubic 
meters (5000 L) in an urban or agricultural area, and 
10 cubic meters (10,000 L) in a rural area for samples 
collected on a 25 mm filter and prepared by a direct-
transfer technique. 

An upper limit to the range of acceptable flow rates 
for this method is 15 L/min. At many locations, Wind 
patterns exhibit strong diurnal variations. Therefore, 
intermittent sampling (sampling over a fixed time 
interval repeated over several days) may be necessary 
to accumulate 20 hours of sampling time over constant 
wind conditions. Other sampling objectives also may 
necessitate intermittent sampling. The objective is to 
design a sampling schedule so that samples are 
collected under uniform conditions throughout the 
sampling interval. This method provides for such 
options. Air volumes collected on Phase 1 samples 
are maximized (<16 L/min). Air volumes collected 
on Phase 2 samples are limited to provide optimum 
loading for filters to be prepared by a direct-transfer 
procedure. 

7.1.2 U.S. EPA's Modified Yamate 
Method for TEM 

U.S. EPA's TEM method requires a minimum volume 

of560 L and a maximum volume of 3,800 L in order 
to obtain an analytical sensitivity of 0.005 
structures/cc. The optimal volume for TEM is 1200 
L to 1800 L. These volumes are determined using a 
200 mesh EM grid opening with a 25-mm filter 
cassette. Changes in volume would be necessary if a 
37-riim filter cassette is used since the effective area 
of a 25 mm (385 sq mm) and 37 mm (855 sq m) 
differ. 

7.1.3 NIOSH Method for TEM and PCM 

The minimum recommended volume for TEM and 
PCM is 400 L at 0.1 fiber/cc. Sampling time is 
adjusted to obtain optimum fiber loading on the filter. 
A sampling rate of 1 to 4 L/min for eight hours (700 
to 2800 L) is appropriate in non-dusty atmospheres 
containing 0.1 fiber/cc. Dusty atmospheres i.e., areas 
With high levels of asbestos, require smaller sample 
volumes (<400 L) to Obtain countable samples. 

In such cases, take short, consecutive samples and 
average the results over the total collection time. For 
documenting episodic exposures, use high flow rates 
(7 to 16 L/min) over shorter sampling times. In 
relatively clean atmospheres where targeted fiber 
concentrations are much less than 0.1 fiber/cc, use 
larger sample volumes (3,000 to 10,000 L) to achieve 
quantifiable loadings. Take care, however, not to 
overload the filter With background dust. If > 50% of 
the filter surface is covered with particles, the filter 
may be too overloaded to count and will bias the 
measured fiber concentration. Do not exceed 0.5 mg 
total dust loading on the filter. 

7.2 Calibration Procedures 

In order to determine if a sampling pump is measuring 
the flow rate or volume of air correctly, it is necessary 
to calibrate the instrument. Sampling pumps should 
be calibrated immediately before and after each use. 
Preliminary calibration should be conducted Using a 
primary calibrator such as a soap bubble type 
calibrator, (e.g., a Buck Calibrator, Gilibrator, or 
equivalent primary calibrator) with a representative 
filter cassette installed between the pump and the 
calibrator. The representative sampling cassette can 
be reused for calibrating other pumps that will be used 
for asbestos sampling. The same cassette lot Used for 
sampling should also be used for the calibration. A 
sticker should be affixed to the outside of the 
extension cowl marked "Calibration Cassette:" 
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A rotameter can be used provided it- has been recently 
precalibrated with a primary calibrator. Three 
separate constant flow calibration readings should be 
obtained both before sampling and after sampling. 
Should the flow rate change by more than 5% during 
the sampling period, the average of the pre- and post-
calibration rates will be used to calculate the total 
sample volume. The sampling pump used shall 
provide a non-fluctuating air-flow through the filter, 
and shall maintain the initial volume flow-rate to 
within ± 10% throughout the sampling period. The 
mean value of these flow-rate measurements shall be 
used to calculate the total air volume sampled. A 
constant flow or critifcal orifice controlled pump meets 
these requirements. If at any time the measurement 
indicates that the flow-rate has decreased by more 
than 30%, the sampling shall be terminated. Flexible 
tubing is used to connect the filter cassette to the 
sampling pump.Sampling pumps can be calibrated 
prior to coming on-site so that time is saved when 
performing on-site calibration. 

7.2.1 Calibrating a Personal Sampling 
Pump with an Electronic Calibrator 

1. See Manufacturer's manual for operational 
instructions. 

2. Set up the calibration train as shown in 
(Figure 3, Appendix B) using a sampling 
pump, electronic calibrator, and a 
representative filter cassette. The same lot 
sampling cassette used for Sampling should 
also be used for calibrating. 

3. To set up the calibration train, attach one end 
of the PVC tubing (approx. 2 foot) to the 
cassette base; attach the other end of the 
tubing to the inlet plug on the pump. 
Another piece of tubing is attached from the 
cassette cap to the electronic calibrator. 

4. Turn the electronic calibrator and sampling 
pump on. Create a bubble at the bottom of 
the flow chamber by pressing the bubble 
initiate button. The bubble should rise to the 
top of the flow chamber. After the bubble 
runs its course, the flow rate is shown on the 
LED display. 

5. Turn the flow adjust screw or knob on the 
pump Until the desired flow rate is attained. 

6. Perform the calibration three times until the 
desired flow rate of ± 5% is attained, 

7.2.2 Calibrating a Rotameter with an 
Electronic Calibrator 

1. See manufacturer's manual for operational 
instructions. 

2. Set up the calibration train as shown in 
(Figure 4, Appendix B) using a sampling 
pump, rotameter, and electronic calibrator. 

3. Assemble the base of the flow meter with the 
/ screw provided and tighten in place. The 

flow meter should be mounted within 6° 
vertical. 

4. Turn the electronic calibrator and sampling 
pump on. 

5. Create a bubble at the bottom of the flow 
chamber by pressing the bubble initiate 
button. The bubble should rise to the top of 
the flow chamber. After the bubble runs its 
course* the flow rate is shown on the LED 
display. 

6. Turn the flow adjust screw or knob on the 
pump until the desired flow rate is attained. 

7. Record the electronic calibrator flow rate 
reading and the corresponding rotameter 
reading. Indicate these values on the 
rotameter (sticker). The rotameter should be 
able to work within the desired flow range. 
Readings can also be calibrated for 10 cm3 
increments for Low Flow rotameters, 500 
cm3 increments for medium flow rotameters 
and 1 liter increments for high flow 
rotameters. 

8. Perform the calibration three times until the 
desired flow rate of ± 5% is attained. Once 
on site, a secondary calibrator, i.e., rotameter 
may be used to calibrate sampling pumps. 

7.2.3 Calibrating a Personal Sampling 
Pump with a Rotameter 

1. See manufacturer's manual for Rotameter's ' 
Operational Instructions. 
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2. Set up the calibration train as shown in 
(Figure 5, Appendix B) using a rotameter, 
sampling pump, and a representative 
sampling cassette. 

3. To set up the calibration train, attach one end 
of the PVC tubing (approx. 2 ft) to the 
cassette base; attach the other end of the 
tubing to the inlet plug on the pump. 
Another piece of tubing is attached from the 
cassette cap to the rotameter. 

4. Assemble the base of the flow meter with the 
screw provided and tighten in place. The 
flow meter should be mounted within 6° 
vertical. 

5. Turn the sampling pump on. 

6. Tum the flow adjust screw (or knob) on the 
personal sampling pump until the float ball 
on the rotameter is lined up with the 
precalibrated flow rate value. A sticker on 
the rotameter should indicate this value. 

7. A verification of calibration is generally 
performed on-site in the clean zone • 
immediately prior to the sampling. 

7.3. Meteorology 

It is recommended that a meteorological station be 
established. If possible, sample after two to three 
days of dty weather and when the wind conditions are 
at 10 mph or greater. Record wind speed, wind 
direction, temperature, and pressure in a field logbook. 
Wind direction is particularly important when 
monitoring for asbestos downwind from a fixed 
source. 

7.4 Ambient Sampling Procedures 

7.4.1 Pre-site Sampling Preparation 

1. Determine the extent of the sampling effort, 
the sampling methods to be employed, and 
the types and amounts of equipment and 
supplies needed. 

2, Obtain necessary sampling equipment and 
ensure it is in working order and fully 
charged (if necessary). 

3. Perform a general site survey prior to site 
entry in accordance with the site specific 
Health, and Safety plan. 

4. Once on-site the calibration is performed in 
the clean zone. The calibration procedures 
are listed in Section 7,2. 

5. After calibrating the sampling pump, 
mobilize to the sampling location. 

7.4.2. Site Sampling 

1. " To set up the sampling train, attach the air 
intake hose to the cassette base. Remove the 
cassette Cap (Figure 6 and 7, Appendix B). 
The cassette should be positioned downward, 
perpendicular to the wind 

2. If AC or DC electricity is required then turn 
it on. If used, the generator should be placed 
10 fit. downwind from the sampling pump. 

3. Record the following in a field logbook: 
date, time, location, sample identification 
number, pump number, flow rate, and 
cumulative time. 

4. Turn the pump on. Should intermittent 
sampling be required, sampling filters must 
be covered between active periods of 
sampling. To cover the sample filter: turn 
the cassette to face upward, place the 
cassette cap on the cassette, remove the inlet 
plug from the cassette cap, attach a rotameter 
to the inlet opening of the cassette cap to 
measure the flow rate, turn off the sampling 
pump, place the inlet plug into the inlet 
opening on the cassette cap. To resume 
sampling: remove the inlet plug, turn on the 
sampling pump, attach a rotameter to 
measure the flow rate, remove the cassette 
cap, replace the inlet plug in the cassette cap 
and invert the cassette, face downward and 
perpendicular to the wind. 

5. Check the pump at sampling midpoint if 
sampling is longer than 4 hours. The 
generators may need to be regased depending 
on tank size. If a filter darkens in appearance 
or if loose dust is seen in the filter, a second 
sample should be started. 
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6. At the end of the sampling period, orient the 
cassette up, turn the pump Off. 

7. Check the flow rate as shown in Section 
7.2.3. When sampling open-faced, the 
sampling cap should be replaced before post 
calibrating. Use the same cassette used for 
sampling for post calibration (increase 
dust/fiber loading may have altered the flow 
rate. 

8. Record the post flow rate. 

9. Record the cumulative time or run. 

10. Remove the tubing from the sampling 
cassette. Still holding the Cassette upright, 
replace the inlet plug on the cassette cap and 
the outlet plug on the cassette base. 

7.4.3. Post Site Sampling 

1. Follow handling procedures in Section 3.2, 
steps 1-4. 

2. Obtain an electronic or hard copy of 
meteorological data which occurred during 
the sampling event Record weather: wind 
Speed, ambient temperature, wind direction, 
and precipitation. Obtaining weather data 
several days prior to the sampling event can 
also be useful. 

7.5 Indoor Sampling Procedures 

PCM analysis is used for indoor air samples, When 
analysis shows total fiber count above the OSHA 
action level 0.1 f/cc then TEM (U.S. EPA's Modified 
Yarnate Method) is used to identify asbestos from 
non-asbestos fibers. 

Sampling pumps should be placed four to five feet 
above ground level away from obstructions that may 
influence air flow. The pump can be placed on a table 
or counter. Refer to Table 2 (Appendix A) for a 
summary of indoor sampling locations and rationale 
for selection. 

Indoor sampling utilizes high flow rates to increased 
sample volumes (2000 L for PCM and 2800 to 4200 L 
for TEM) in order to obtain lower detection limits 
below the standard, (i.e., 0.01 f/cc or lower [PCM] 

and O.OQ5 structures/cc or lower [TEM]). 

7.5.1 Aggressive Sampling Procedures 

Sampling equipment at fixed locations may fail to 
detect the presence of asbestos fibers. Due to limited 
air movement, many fibers may settle out of the air 
onto the floor and other surfaces and may not be 
captured on the filter. In the past, an 8-hour sampling 
period was recommended to cover various air 
circulation conditions. A quicker and more effective 
way to capture asbestos fibers is to circulate the air 
artificially so that the fibers remain airborne during 
sampling. The results from this sampling option 
typifies worst case condition. This is referred to as 
aggressive air sampling for asbestos. Refer to Table 2 
for sample station locations. 

1. Before starting the sampling pumps, direct 
forced air (such as a 1-horsepower leaf 
blower or large fan) against Walls, ceilings, 
floors, ledges, and other surfaces in the room 
to initially dislodge fibers from surfaces. 
This should take at least 5 minutes per 1000 
sq. ft. of floor. 

2. Place a 20-inch fan in the center of the room. 
(Use one fan per 10,000 cubic feet of room 
space.) Place the fan on slow speed and 
point it toward the ceiling. 

3. Follow procedures in Section 7.4.1 and 7.4.2 
(Tum off the pump and then the fan(s) when 
sampling is complete.). 

4. Follow handling procedures in Section 3.2, 
steps 1 -4. 

8.0 CALCULATIONS 

The sample volume is calculated from the average 
flow rate of the pump multiplied by the number of 
minutes the pump was running (volume = flow rate X 
time in minutes). The sample volume should be 
submitted to the laboratory and identified on the chain 
of custody for each sample (zero for lot, field and trip 
blanks). 

The concentration result is calculated using the 
sample volume and the numbers of asbestos structures 
reported after the application of the cluster and matrix 
counting criteria. 
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9.0 QUALITY ASSURANCE/ 
QUALITY CONTROL 

Follow all QA/QC requirements from the laboratories 
as well as the analytical methods. 

9.1 TEM Requirements 

1. Examine lot blanks to determine the 
background asbestos structure concentration. 

2. Examine field blanks to determine whether 
there is contamination by extraneous 
asbestos structures during specimen 
preparation. 

3. Examine of laboratory blanks to determine if 
contamination is being introduced during 
critical phases of the laboratory program. 

4. To determine if the laboratory can 
satisfactorily analyze samples of known 
asbestos structure concentrations, reference 
filters shall be examined. Reference filters 
should be maintained as part of the 
laboratory's Quality Assurance program. 

5. To minimize subjective effects, some 
specimens should be recounted by a different 
microscopist. 

6. Asbestos laboratories shall be accredited by 
the National Voluntary Laboratory 
Accreditation Program. 

7. At this time, performance evaluation samples 
for asbestos in air are not available for 
Removal Program Activities. 

9.2 PCM Requirements 

1, Examine reference slides of known 
concentration to determine the analyst's 
ability to satisfactorily count fibers. 
Reference slides should be maintained as 
part of the laboratory's quality assurance 
program. 

2. Examine field blanks to determine if there is -
contamination by extraneous structures 
during sample handling. 

3. Some samples should be relabeled then 
submitted for counting by the same analyst to 
determine possible bjas by the analyst. 

4. Participation in a proficiency testing program 
such as the AIHA-NIOSH proficiency 
analytical testing (PAT) program. 

10.0 DATA VALIDATION 

Results of quality control samples will be evaluated 
for contamination. This information will be Utilized 
to qualify the environmental sample results 
accordingly with the project's data quality objectives. 

11.0 HEALTH AND SAFETY 

When working with potentially hazardous materials, 
follow U.S. EPA, OSHA, and corporate health and 
safety procedures. More specifically, when entering 
an unknown situation involving asbestos, a powered 
air purifying respirator (PAPR) (full face-piece) is 
necessary in conjunction with HEP A filter cartridges. 
See applicable regulations for action level, PEL, TLV, 
etc. If previous sampling indicates asbestos 
concentrations are below personal health and safety 
levels, then Level D personal protection is adequate. 

12.0 REFERENCES 

(1) Environmental Asbestos Assessment 
Manual, Spperfund Method for the 
Determination of Asbestos in Ambient Air, 
Part 1: Method, EPA/540/2-90/005a, May 
1990, and Part 2: Technical Background 
Document, EPA/540/2-90/005b, May 1990. 

(2> Methodology for the Measurement of 
Airborne Asbestos by Electron Microscopy, 
EPA's Report No. 68-02-3266, 1984, G. 
Yamate, S.C. Agarwal, and R. D. Gibbons. 

<3> National Institute for Occupational Safety 
and Health. NIOSH Manual of Analytical 
Method, Third Edition. 1987. 

l4) U.S. Environmental Protection Agency. 
Code of Federal Regulations 40 CFR 763. 
July 1, 1987. Code of Federal Regulations 
40 CFR 763 Addendum. October 30, 1987. 
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U.S. Environmental Protection Agency. 
Asbestos-Containing Materials in Schools; 
Final Rule and Notice. 52 FR 41826. 

Occupational Safety and Health 
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29 CFR 1910.1001. Washington, D.C. 
1987. 
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APPENDIX A 

Tables 

TABLE 1. 

SAMPLE STATIONS FOR OUTDOOR SAMPLING 

Sample Station 
Location 

Sample Numbers Rationale 

Upwind/Backgroundu) Collect a minimum of two simultaneous 
upwind/background samples 30° apart 
from the prevailing windlines. 

Establishes background fiber levels. 

Downwind Deploy a minimum of 3 sampling stations 
in a 180 degree arc downwind from the 
source. 

Indicates if asbestos is leaving the 
site. 

Site Representative 
and/or Worst Case 

Obtain one site representative sample 
which shows average condition on-site or 
obtain worst case sample (optional). 

Verify and continually confirm and 
document selection of proper levels 
of worker protection. 

<!) More than one background station may be required if the asbestos originates from different sources. 
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APPENDIX A (Cont'd) 

Tables 

TABLE 2 

SAMPLE STATIONS FOR INDOOR SAMPLING 

Sample Station 
Location 

Sample Numbers Rationale 

Indoor Sampling If a work site is a single room, disperse 5 
samplers throughout the room. 

If the work site contains up to 5 rooms, place 
at least one sampler in each room. 

If the work site contains more than 5 rooms, 
select a representative sample of the rooms. 

Establishes representative samples 
from a homogeneous area. 

Upwind/Background If outside sources are suspected, 
deploy a minimum of two simultaneous 
upwind'background samples 30° apart from 
the prevailing windlines. 

Establish whether indoor asbestos 
concentrations are coming from an 
outside source. 

Worst Case Obtain one worst case sample, i.e., 
aggressive sampling (optional). 

Verify and continually confirm and 
document selection of proper levels 
of worker protection. 
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APPENDIX B 

Figures 

FIGURE 1. Transmission Electron Microscopy Filter Cassette 
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APPENDIX B (Cont'd) 

Figures 

i 

FIGURE 2. Phase Contrast Microscopy Filter Cassette 
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APPENDIX B (Cont'd) 

Figures 

FIGURE 3. Calibrating a Personal Sampling Pump with a Bubble Meter 
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APPENDIX B (Cont'd) 

Figures 

FIGURE 4. Calibrating a Rotameter with a Bubble Meter 
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APPENDIX B (Cont'd) 

Figures 

FIGURE 5. Calibrating a Sampling Pump with a Rotameter 
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APPENDIX B (Cont'd) 

Figures 

FIGURE 6. Personal Sampling Train for Asbestos 

OUTLET PLUG 

18 



APPENDIX B (Cont'd) 

Figures 

v 
FIGURE 7. High Flow Sampling Train for Asbestos 
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ATTACHMENT 3 

NIOSH Method 7400 

version 2000.1 
8/00 



Various 

ASBESTOS and OTHER FIBERS by PCM 

MW: Various CAS: Various RTECS: Various 

7400 

METHOD: 7400, Issue 2 EVALUATION: FULL Issue 1: Rev. 3 on 15 May 1989 
Issue 2: 15 August 1994 

OSHA: 0.1 asbestos fiber (> 5 |Jm long)/ec; 
1 f/cc/30 min excursion; carcinogen 

MSHA: 2 asbestos fibers/cc PROPERTIES: solid, fibrous, crystalline, anisotropic 
NIOSH: 0.1 f/cc (fibers > 5 |jm long)/400L; carcinogen < 
ACGIH: 0.2 crocidolite; 0.5 amosite; 2 chrysotile and other 

asbestos, fibers/cc; carcinogen 

SYNONYMS [CAS #]: actindite [77536-66-4] or ferroactinolite [15669-07-5]; amosite [12172-73-5]; anthophyllite [77536-67-5]; 
Chrysotile [12001-29-5]; serpentine [18786-24-8]; crocidolite [12001-28-4]; tremolite [77536-68-6]; amphibole asbestos [1332-21-4]; 
refractory ceramic fibers [142844-00-6]; fibrous glass. 

SAMPLING MEASUREMENT 

SAMPLER: FILTER TECHNIQUE: LIGHT MICROSCOPY, PHASE 
(0.45- to 1.2-pm cellulose ester membrane, 25- CONTRAST 
mm; conductive cowl on cassette) 

ANALYTE: fibers (manual count) 

FLOW RATE*: 0.5to16L/min SAMPLE 
PREPARATION: acetone - collapse/triacetin - immersion 

VOL-MlN*: •400 L @ 0.1 fiber/cc 
acetone - collapse/triacetin - immersion 

-MAX*: (step 4, sampling) COUNTING 
'Adjust to give 100 to 1300 fiber/mm2 RULES: described in previous version of this 

• method as "A" rules [1,3] 
SHIPMENT: routine (pack to reduce shock) 

method as "A" rules [1,3] 

SAMPLE 
EQUIPMENT: 1. positive phase-contrast microscope 

SAMPLE 2. Walton-Beckett graticule (100-pm field 
STABILITY- stable of view) Type G-22 

BLANKS: 
3. phase-shift testslide (HSE/NPL) 

BLANKS: 2 to 10 field blanks per set 
3. phase-shift testslide (HSE/NPL) 

CALIBRATION: HSE/NPL test slide 

ACCURACY RANGE: 100 to 1300 fibers/mm2 filter area 

RANGE STUDIED: 80 to 100 fibers counted ESTIMATED LOD: 7 fibers/mm2 filter area 

BIAS: See EVALUATION OF METHOD PRECISION (Sr): 0.10 to 0.12 [1J; see EVALUATION OF See EVALUATION OF METHOD 
METHOD 

OVERALL PRECISION (SrT):0.115 to 0.13 [1] 

ACCURACY: See EVALUATION OF METHOD 

APPLICABILITY: The quantitative working range is 0.04 to 0.5 fiber/cc for a 1000-L air sample. The LOD depends on sample volume 
and quantity of interfering dust, and is <0:01 fiber/cc for atmospheres free of interferences, the method gives an index of airborne 
fibers. It is primarily used for estimating asbestos Concentrations, though PCM does not differentiate between asbestos and other 
fibers. Use this method in conjunction with electron microscopy (e.g., Method 7402) for assistance in identification of fibers. Fibers < 
ca. 0.25 pm diameter will not be detected by this method [4]. This method may be used for other materials such as fibrous glass by 
using alternate counting rules (see Appendix C). 

INTERFERENCES: If the method is used to detect a specific type of fiber, any other airborne fiber may interfere since all particles 
meeting the counting criteria are counted. Chain-like particles may appear fibrous. High levels of non-fibrous dust particles may 
obscure fibers in the field of view and increase the detection limit 

OTHER METHODS: This revision replaces Method 7400, Revision #3 (date 5/15/89). 
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REAGENTS: 

1. Acetone,* reagent grade. 
2. Triacetin (glycerol triacetate), reagent grade* 

* See SPECIAL PRECAUTIONS. 

EQUIPMENT: 
1. $ampler: field monitor, 25-mm, three-piece 

cassette with ca. 50-mm electrically 
conductive ©(tension cowl and cellulose ester 
filter, 0.45- to 1,2-|jm pore size, and backup 
pad. 
NOTE V. Analyze representative filters for 

fiber background before use to 
check for clarity and background. 
Discard the filter lot if mean is >5 
fibers per 100 graticule fields. 
These are defined as laboratory 
blanks. Manufacturer-provided 
quality assurance cheeks on filter 
blanks are normally adequate as 
long as field blanks are analyzed 
as described below. 

NOTE 2: The electrically conductive 
extension cowl reduces 
electrostatic effects. Ground the 
cowl when possible during 
sampling. 

NOTE 3: Use 0.8-pm pore size filters for 
personal sampling. The 0.45-pm 
filters are recommended for 
sampling when performing TEM 
analysis on the same samples. 
However, their higher pressure 
drop precludes their use with 
personal sampling pumps. 

NOTE 4: Other cassettes have been 
proposed that exhibit improved 
uniformity of fiber deposit on the 
filter surface, e.g„ bellmouthed 
sampler (Envirometrics, 
Charleston, SC). These may be 
used if shown to give measured 
concentrations equivalent to 
sampler indicated above for the 
application. 

2. Personal sampling pump, battery or line-
powered vacuum, of sufficient capacity to 
meet flow-rate requirements (see step 4 for 
flow rate), with flexible connecting tubing. 

3. Wire, multi-stranded, 22-gauge; 1", hose 
clamp to attach wire to cassette. 

4. Tape, shrink- or adhesive-. 
5. Slides, glass, frosted-end, pre-cleaned, 25 x 

75-mm. 
6. Cover slips, 22-x 22-mm, No. 1-1/2, unless 

otherwise specified by microscope 
manufacturer. 

7. Lacquer or nail polish. 
8. Knife, #10 surgical steel, curved blade. 
9. Tweezers. 
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EQUIPMENT: 

10. Acetone flash vaporization system for 
clearing filters on glass slides (see ref. [5] 
for specifications or see manufacturer's 
instructions for equivalent devices). 

11. Micropipets or syringes, 5-|JL and 100- to 
500-ML, 

12> Microscope, positive phase (dark) contrast, 
with green or blue filter, adjustable field iris, 
8 to 10X eyepiece, and 40 to 45X phase 
objective (total magnification ca. 400X); 
numerical aperture = 0.65 to 0.75. 

13- Graticule, Walton-Beckett type with 100-pm 
diameter circular field (area = 
0.00785 mm2) at the specimen plane 
(TypeG-22). Available from Optometries 
USA, P.O. Box 699, Ayer, MA 01432 
[phone (508)-772-1700], and McCrone 
Accessories and Components, 850 
Pasquinelli Drive, Westmont, IL 60559 
[phone (312) 887-7100], 
NOTE: The graticule is custorh-made for 

each microscope, (see 
APPENDIX A for the custom-
ordering procedure). 

14. HSE/NPL phase contrast test slide, Mark II. 
Available from Optometries USA (address 
above). 

15. Telescope, ocular phase-ring centering. 
16. Stage micrometer (0,01 -mm divisions). 

SPECIAL PRECAUTIONS: Acetone is extremely flammable. Take precautions not to ignite it 
Heating of acetone in volumes greater than 1 mL must be done in a ventilated laboratory fume hood 
using a flameless, spark- free heat source. 

SAMPLING: 

1. Calibrate each personal sampling pump with a representative sampler in line. 
2. To reduce contamination and to hold the cassette tightly together, seal the crease between the 

cassette base and the cowl with a shrink band or light colored adhesive tape. For personal 
Sampling, fasten the (uncapped) open-face cassette to the worker's lapel. The open face should be 
oriented downward. 
NOTE: The cowl should be electrically grounded during area sampling, especially under conditions 

of low relative humidity. Use a hose clamp to secure one end of the wire (Equipment, Item 
3) to the monitor's cowl. Connect the other end to an earth ground (i.e., cold water pipe). 

3. Submit at least two field blanks (or 10% of the total samples, whichever is greater) for each set of 
samples. Handle field blanks in a manner representative of actual handling of associated samples 
in the set. Open field blank cassettes at the same time as other cassettes just prior to sampling. 
Store top covers and cassettes in a clean area (e.g,, a closed bag or box) with the top covers from 
the sampling cassettes during the sampling period, 

4. Sample at 0.5 L/min or greater [6]. Adjust sampling flow rate, Q (L/min), and time, t (min), to 
produce a fiber density, E, of 100 to 1300 fibers/mm2 (3.85*104 to 5»105 fibers per 25-mm filter with 
effective collection area Ac= 385 mm2) for optimum accuracy. These variables are related to the 
action level (one-half the current standard), L (fibers/cc), of the fibrous aerosol being sampled by: 
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t = , min. 
Q • L • 10* 

NOTE 1: The purpose of adjusting sampling times is to obtain optimum fiber loading on the filter. 
The collection efficiency does not appear to be a function of flow rate in the range of 0.5 
to 16 L/min for asbestos fibers [7], Relatively large diameter fibers (>3 pm) may exhibit 
significant aspiration loss and inlet deposition. A sampling rate of 1 to 4 L/min for 8 h is 
appropriate in atmospheres containing ca. 0.1 fiber/cc in the absence of significant 
amounts of non-asbestos dust. Dusty atmospheres require smaller sample volumes 
(<400 L) to obtain countable samples. In such cases take short, consecutive samples 
and average the results over the total collection time. For documenting episodic 
exposures, use high flow rates (7 to 16 L/min) oyer shorter sampling times. In relatively 
clean atmospheres, where targeted fiber concentrations are much less toan 0.1 fiber/cc, 
use larger sample volumes (3000 to 10000 L) to achieve quantifiable loadings. Take 
care, however, not to overload the filter with background dust. If > 50% of the filter 
surface is covered with particles, the filter may be too overloaded to count and will bias 
the measured fiber concentration. 

NOTE 2: OSHA regulations specify a minimum sampling volume of 48 L for an excursion 
measurement, and a maximum sampling rate of 2.5 L/min [3], 

5. At the end of sampling, replace top cover and end plugs. 
6. Ship samples with conductive cowl attached in a rigid container with packing material to prevent 

jostling or damage. 
NOTE: Do not use untreated polystyrene foam in shipping container because electrostatic 

forces may cause fiber loss from sample filter. 

SAMPLE PREPARATION: 

NOTE 1: The object is to produce samples with a smooth (non-grainy) background in a medium 
with refractive index <1.46. This method collapses the filter for easier focusing and 
produces permanent (1-10 years) mounts which are useful for quality control and 
interlaboratory comparison. The aluminum "hot block" or similar flash vaporization 
techniques may be used outside the laboratory [2]. Other mounting techniques meeting 
the above criteria may also be used (e.g., the laboratory fume hood procedure for 
generating acetone vapor as described in Method 7400 - revision of 5/15/85, or the 
non-permanent field mounting technique used in P&CAM 239 [3,7,8,9]). Unless the 
effective filtration area is known, determine the area and record the information 
referenced against the sample ID number [1,9,10,11]. 

NOTE 2: Excessive water in the acetone may stow the clearing of the filter, Causing material to 
be washed off the surface of the filter. Also, filters that have been exposed to high 
humidities prior to clearing may have a grainy background. 

7. Ensure that the glass slides and cover slips are free of dust and fibers. 
8. Adjust the rheostat to heat the "hot block" to ca. 70 °C [2], 

NOTE: If the "hot block" is not used in a fume hood, it must rest on a ceramic plate and be 
isolated from any surface susceptible to heat damage. 

9. Mount a wedge cut from the sample filter on a clean glass slide. 
a. Cut wedges of ca. 25% of the filter area with a curved-blade surgical steel knife using a rocking 

motion to prevent tearing. Place wedge, dust side up, on slide. 
NOTE: Static electricity will usually keep the wedge on the slide. 
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b. Insert slide with wedge into the receiving slot at base of "hot block". Immediately place tip of a 
micropipet containing ca. 250 pL acetone (use the minimum volume heeded to consistently 
clear the filter sections) into the inlet port of the PTFE cap on top of the "hot block" and inject 
the acetone into the vaporization chamber with a slow, steady pressure on the plunger button 
while holding pipet firmly in place. After waiting 3 to 5 sec for the filter to clear, remove pipet 
and slide from their ports. 
CAUTION: Although the volume of acetone used is small; use safety precautions. Work in a 

well-ventilated area (e.g., laboratory fume hood). Take care not to ignite the 
acetone. Continuous use of this device in an unventilated space may produce 
explosive acetone vapor concentrations. 

c. Using the 5-pL micropipet, immediately place 3-0 to 3.5 pL triaeetin on the wedge. Gently 
lower a clean cover slip onto the wedge at a slight angle to reduce bubble formation. Avoid 
excess pressure and movement of the cover glass. 
NOTE: If too many bubbles form or the amount of triaeetin is insufficient, the cover slip may 

become detached within a few hours. If excessive triaeetin remains at the edge of the 
filter under the cover slip, fiber migration may occur. 

d. Mark the outline of the filter segment with a glass marking pen to aid in microscopic evaluation. 
e. Glue the edges of the cover slip to the slide using lacquer or nail polish [12], Counting may 

proceed immediately after clearing and mounting are completed. 
NOTE: If clearing is slow, warm the slide on a hotplate (surface temperature 50 °C) for up to 15 

min to hasten clearing. Heat carefully to prevent gas bubble formation. 

CALIBRATION AND QUALITY CONTROL: 

10. Microscope adjustments. Follow the manufacturers instructions. At least once daily use the 
telescope ocular (or Bertrand lens, for some microscopes) supplied by the manufacturer to ensure 
that the phase rings (annular diaphragm and phase-shifting elements) are concentric. With each 
microscope, keep a logbook in which to record the dates of microscope cleanings and major 
servicing. 
a. Each time a sample is examined, do the following: 

(1) Adjust the light source for even illumination across the field of view at the condenser iris. 
Use Kohler illumination, if available. With some microscopes, the illumination may have 
to be set up with bright field optics rather than phase contract optics. 

(2) Focus on the particulate material to be examined. 
(3) Make sure that the field iris is in focus, centered on the sample, and open only enough to 

fully illuminate the field of view. 
b. Check the phase-shift detection limit of the microscope periodically for each analyst/microscope 

combination: 
(1) Center the HSE/NPL phase-contrast test slide under the phase objective. 
(2) Bring the blocks of grooved lines into focus in the graticule area. 

NOTE: The slide contains seven blocks Of grooves (ca. 20 grooves per block) in 
descending order of visibility. For asbestos counting the microscope optics must 
completely resolve the grooved lines in block 3 although they may appear 
somewhat faint, and the grooved lines in blocks 6 and 7 must be invisible when 
centered in the graticule area. Blocks 4 and 5 must be at least partially visible but 
may vary slightly in visibility between microscopes. A microscope which fails to 
meet these requirements has resolution either too low or too high for fiber 
counting. 

(3) If image quality deteriorates, clean the microscope optics. If the problem persists, consult 
the microscope manufacturer. 

11. Document the laboratory's precision for each counter for replicate fiber counts. 
a. Maintain as part of the laboratory quality assurance program a set of reference slides to be used 

on a daily basis [13]. These slides should consist of filter preparations including a range of 
loadings and background dust levels from a variety of sources including both field and 
reference samples (e.g., PAT, AAR, commercial samples). The Quality Assurance Officer 
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should maintain custody of the reference slides and should supply each counter with a minimum 
of one reference slide per workday. Change the labels on the reference slides periodically so 
that the counter does not become familiar with the samples, 

b. From blind repeat counts on reference slides, estimate the laboratory intra- and intercounter 
precision. Obtain separate values of relative standard deviation (Sr) for each sample matrix 
analyzed in each of the following ranges: 5 to 20 fibers in 100 graticule fields, >20 to 50 fibers 
in 100 graticule fields, and >50 to 100 fibers in 100 graticule fields. Maintain control charts for 
each of these data files. 
NOTE: Certain sample matrices (e.g., asbestos cement) have been shown to give poor 

precision [9] 
12. Prepare and count field blanks along with the field samples. Report counts on each field blank. 

NOTE 1: The identity of blank filters should be unknown to the counter until all counts have been 
completed. 

NOTE 2: If a field blank yields greater than 7 fibers per 100 graticule fields, report possible 
contamination of the samples. 

13. Perform blind recounts by the same counter on 10% of filters counted (slides relabeled by a person 
other than the counter). Use the following test to determine whether a pair of counts by the same 
counter on the same filter should be rejected because of possible bias: Discard the sample if the 
absolute value of the difference between the square roots of the two counts (in fiber/mm2) exceeds 
2.77 (X)Sr, where X = average of the square roots of the two fiber counts 

S. 
(in fiber/mm2) and S = — , where S, is the intracounter relative standard deviation for the 

appropriate count range (in fibers) determined in step 11. For more complete discussions see 
reference [13]. 
NOTE 1: Since fiber counting is the measurement of randomly placed fibers which may be 

described by a Poisson distribution, a square root transformation of the fiber count data 
will result in approximately normally distributed data [13]. 

NOTE 2: If a pair of counts is rejected by this test, recount the remaining samples in the set and 
test the new counts against the first counts. Discard all rejected paired counts. It is not 
necessary to use this statistic on blank counts. 

14. The analyst is a critical part of this analytical procedure. Care must be taken to provide a non-
stressful and comfortable environment for fiber counting. An ergonomically designed chair should 
be used, with the microscope eyepiece situated at a comfortable height for viewing. External 
lighting should be set at a level similar to the illumination level in the microscope to reduce eye 
fatigue. In addition, counters should take 10-to-20 minute breaks from the microscope every one 
or two hours to limit fatigue [14], During these breaks, both eye and upper back/neck exercises 
should be performed to relieve strain. 

15. All laboratories engaged in asbestos counting should participate in a proficiency testing program 
such as the AIHA-NIOSH Proficiency Analytical Testing (PAT) Program for asbestos and routinely 
exchange field samples with other laboratories to compare performance of counters.. 

MEASUREMENT: 

16. Center the slide on the stage of the calibrated microscope under the objective lens. Focus the 
microscope on the plane of the filter. 

17. Adjust the microscope (Step 10). 
NOTE: Calibration with the HSE/NPL test slide determines the minimum detectable fiber diameter 

(ca. 0.25 |Jm) [4], 
18. Counting rules: , (same as P&CAM 239 rules [1,10,11]: see examples in APPENDIX B). 1 

a. Count any fiber loriger than 5 pm which lies entirely within the graticule area. 
(1) Count only fibers longer than 5 pm. Measure length of curved fibers along the curve. 
(2) Count only fibers with a length-to-width ratio equal to CM* greater than 3:1. 

b. For fibers which cross the boundary of the graticule field: 
(1) Count as 1/2 fiber any fiber with only one end lying within the graticule area, provided that 

the fiber meets the criteria of rule a above. 
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(2) Do not count any fiber which cresses the graticule boundary more than once. 
(3) Reject and do not count all other fibers. 

c. Count bundles of fibers as one fiber unless individual fibers can be identified by observing both 
ends of a fiber. 

d. Count enough graticule fields to yield 100 fibers. Count a minimum of 20 fields. Stop at 100 
graticule fields regardless of count. 

19. Start counting from the tip of the filter wedge and progress along a radial line to the outer edge. 
Shift up or down on the filter, and continue in the reverse direction. Select graticule fields 
randomly by looking away from the eyepiece briefly while advancing the mechanical stage. Ensure 
that, as a minimum, each analysis covers one radial line from the filter center to the outer edge of 
the filter. When an agglomerate or bubble covers ca. 1/6 or more of the graticule field, reject the 
graticule field and select another. Do not report rejected graticule fields in the total number 
counted. 
NOTE 1: When counting a graticule field, continuously scan a range of focal planes by moving 

the fine focus knob to detect very fine fibers which have become embedded in the filter. 
The small-diameter fibers will be very faint but are an important contribution to the total 
count. A minimum counting time of 15 seconds per field is appropriate for accurate 

NOTE 2: 

NOTE 3: 
NOTE 4: 

NOTE 5: 

CALCULATIONS AND REPORTING OF RESULTS 

20. Calculate and report fiber density on the filter, E (fibers/mm2), by dividing the average fiber count 
per graticule field, F/nf, minus the mean field blank count per graticule field, B/nb, by the graticule ' 
field area, A, (approx. 0.00785 mm2): 

E = "f ^ n>> , fibers/mm2. 
At 

counting. 
This method does not allow for differentiation of fibers based on morphology. Although 
some experienced counters are capable of selectively counting only fibers which 
appear to be asbestiform, there is presently no accepted method for ensuring uniformity 
of judgment between laboratories. It is, therefore, incumbent upon all laboratories using 
this method to report total fiber counts. If serious contamination from non-asbestos 
fibers occurs in samples, other techniques such as transmission electron microscopy 
must be used to identify the asbestos fiber fraction present in the sample (see NIOSH 
Method 7402). In some cases (i.e., for fibers with diameters >1 pm), polarized light 
microscopy (as in NIOSH Method 7403) may be used to identify and eliminate 
interfering non-crystalline fibers [15j. 
Do not count at edges where filter was cut. Move in at least 1 mm from the edge. 
Under certain conditions, electrostatic charge may affect the sampling Of fibers. These 
electrostatic effects are most likely to occur when the relative humidity is low (below 
20%), and when sampling is performed near the source of aerosol. The result is that 
deposition of fibers on the filter is reduced, especially near the edge of the filter. If such 
a pattern is noted during fiber counting, choose fields as close to the center of the filter 
as possible [5]. 
Counts are to be recorded on a data sheet that provides, as a minimum, spaces on 
which to record the counts for each field, filter identification number, analyst's name, 
date, total fibers counted, total fields counted, average count, fiber density, and 
commentary. Average count is calculated by dividing the total fiber count by the 
number of fields observed. Fiber density (fibers/mm2) is defined as the average count 
(fibers/field) divided by the field (graticule) area (mm2/field). 
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NOTE: Fiber counts above 1300 fibers/mm2 and fiber counts from samples with >50% of filter 
area covered with particulate should be reported as "uncountable" or "probably biased." 
Other fiber counts outside the 100-1300 fiber/mm2 range should be reported as having 
"greater than optimal variability" and as being "probably biased." 

21. Calculate and report the concentration, C (fibers/cc), of fibers in the air volume sampled, V (L), 
using the effective collection area of the filter, A,, (approx. 385 mm2 for a 25-mm filter): 

c = 
V - 1 0 3  

NOTE: Periodically cheek and adjust the value of Ac, if necessary. 
22, Report intralaboratory and interlaboratory relative standard deviations (from Step 11) with each set 

of results. 
NOTE: Precision depends on the total number of fibers counted [1,16]. Relative standard 

deviation is documented in references [1,15-17] for fiber counts up to 100 fibers in 100 
graticule fields. Comparability of interlaboratory results is discussed below. As a first 
approximation, use 213% above and 49% below the count as the upper and lower 
confidence limits for fiber counis greater than 20 (Fig. 1). 

EVALUATION OF METHOD: 

A. This method is a revision of P&CAM 239 [10]. A summary of the revisions is as follows: 
1. Sampling: 

The change from a 37-mm to a 25-mm filter improves sensitivity for similar air volumes. The 
change in flow rates allows for 2-m3 full-shift samples to be taken, providing that the filter is not 
overloaded with non-fibrous particulates. The collection efficiency of the sampler is not a function 
of flow rate in the range 0.5 to 16 L/min [10]. 

2. Sample Preparation Technique: 
The acetone vapor-triacetin preparation technique is a faster, more permanent mounting 
technique than the dimethyl phthalate/diethyl oxalate method of P&CAM 239 [2,4,10]. The 
aluminum "hot block" technique minimizes the amount of acetone needed to prepare each 
sample. 

3. Measurement: 
a. The Walton-Beckett graticule standardizes the area observed [14,18,19]. 
b. The HSE/NPL test slide standardizes microscope optics for sensitivity to fiber diameter. [4,14], 
c. Because of past inaccuracies associated with low fiber counts, the minimum recommended 

loading has been increased to 100 fibers/mm2 filter area (a total of 78.5 fibers counted in 100 
fields, each with field area = .00785 mm2.) Lower levels generally result in an overestimate of 
the fiber count when compared to results in the recommended analytical range [20]. The 
recommended loadings should yield intracounter Sr in the range of 0.10 to 0.17 [21,22,23]. 

B. Interlaboratory comparability: 
An international collaborative study involved 16 laboratories using prepared slides from the 
asbestos cement, milling, mining, textile, and friction material industries [9]. The relative standard 
deviations (Sr) varied with sample type and laboratory. The ranges were: 
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Intralaboratory S. Interlaboratorv S. Overall S, 

AIA (NIOSH A Rules)* 
Modified CRS (NIOSH B Rules)** 

0.12 to 0.40 
0.11 to 0.29 

0.27 to 0.85 
0.20 to 0.35 

0.46 
0.25 

* Under AIA rules, only fibers having a diameter less than 3 pm are counted and fibers attached to 
particles larger than 3 prh are not counted. NIOSH A Rules are Otherwise similar to the AIA rules. 

** See Appendix C. 

A NIOSH study conducted using field samples of asbestos gave intralaboratory Sr in the range 0.17 to 
0.25 and an interlaboratory Sr of 0.45 [21]. This agrees well with other recent studies [9,14,16]. 

At this time, there is no independent means for assessing the overall accuracy of this method. One 
measure of reliability is to estimate how well the count for a single sample agrees with the mean count 
from a large number of laboratories. The following discussion indicates how this estimation can be 
carried out based on measurements of the interlaboratory variability, as well as showing how the results 
of this method relate to the theoretically attainable counting precision and to measured intra- and 
interlaboratory Sr. (NOTE: the following discussion does not include bias estimates and should not be 
taken to indicated that lightly loaded samples are as accurate as properly loaded ones): 

Theoretically, the process of counting randomly (Poisson) distributed fibers on a filter surface will give an 
Sr that depends on the number, N, of fibers counted: 

Thus Sr is 0.1 for 100 fibers and 0.32 for 10 fibers counted. The actual Sr found in a number of studies is 
greater than these theoretical numbers [17,19,20,21], 

An additional component of variability comes primarily from subjective interlaboratory differences. In a 
study often counters in a continuing sample exchange program, Ogden [15] found this subjective 
component of intralaboratory Sr to be approximately 0.2 and estimated the overall Sr by the term: 

Ogden found that the 90% confidence interval of the individual intralaboratory counts in relation to the 
means were +2 Sr and -1..5 Sr In this program, one sample out of ten was a quality control sample. For 
laboratories not engaged in an intensive quality assurance program, the subjective component of 
variability can be higher. 

In a study Of field sample results in 46 laboratories, the Asbestos Information Association also found that 
the variability had both a constant component and one that depended on the fiber count [14]. These 
results gave a subjective interlaboratory component of Sr (on the same basis as Ogden's) for field 
samples of ca. 0.45. A similar value was obtained for 12 laboratories analyzing a set of 24 field samples 
[21], This value falls slightly above the range of Sr (0.25 to 0.42 for 1984-85) found for 80 reference 
laboratories in the NIOSH PAT program for laboratory-generated samples [17]. 

A number of factors influence Sr for a given laboratory, such as that laboratory's actual counting 

performance and the type of samples being analyzed. In the absence of other information, such as from 

an interlaboratory quality assurance program using field samples, the value for the subjective component 

of vanability is chosen as 0.45.N It is hoped that the laboratories will carry out the recommended 

interlaboratory quality assurance programs to improve their performance and thus reduce the Sr 

Sr = 1/( N )m ( 1 )  

[ N + ( 0.2 • N )»]1M 
N 

( 2 )  
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The above relative standard deviations apply when the population mean has been determined. It is 
more useful, however, for laboratories to estimate the 90% confidence interval On the mean count from a 
single sample fiber count (Figure 1). These curves assume similar shapes of the count distribution for 
interlaboratory and intralaboratory results [16]. 

For example, if a sample yields a count of 24 fibers, Figure 1 indicates that the mean interlaboratory 
count will fall within the range of 227% above and 52% below that value 90% of the time. We can apply 
these percentages directly to the air concentrations as well. If, for instance, this sample (24 fibers 
counted) represented a 500-L volume, then the measured concentration is 0.02 fibers/mL (assuming 100 
fields counted, 25-mm filter, 0.00785 mm2 counting field area). If this same sample were counted by a 
group of laboratories, there is a 90% probability that the mean would fall between 0.01 and 0.08 fiber/mL. 
These limits should be reported in any comparison of results between laboratories. 

Note that the Sr of 0.45 used to derive Figure 1 is used as an estimate for a random group of 
laboratories. If several laboratories belonging to a quality assurance group can show that their 
interlaboratory Sr is smaller, then it is more correct to use that smaller Sr. However, the estimated Sr of 
0.45 is to be used in the absence of such information. Note also that it has been found that Sr can be 
higher for certain types of samples, such as asbestos cemertt [9], 

Quite often the estimated airborne concentration from an asbestos analysis is used to compare to a 
regulatory standard. For instance, if one is trying to show compliance with an 0.5 fiber/mL standard 
using a single sample on which 100 fibers have been counted, then Figure 1 indicates that the 0.5 
fiber/mL standard must be 213% higher than the measured air concentration. This indicates that if one 
measures a fiber concentration of 0.16 fiber/mL (100 fibers counted), then the mean fiber count by a 
group of laboratories (of which the compliance laboratory might be one) has a 95% chance of being less 
than 0.5 fibers/mL; i.e., 0.16 + 2.13 x 0.16 = 0.5. 

It can be seen from Figure 1 that the Poisson component of the variability is not very important unless 
the number of fibers counted is smalL Therefore, a further approximation is to simply use +213% and 
-49% as the upper and lower confidence values of the mean for a 100-fiber count. 

Figure 1. Interlaboratory Precision of Fiber Counts 
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The curves in Figures 1 are defined by the following equations: 

UCL = 2 X + 2.25 + [(2.25 + 2 X)2 - 4 ( 1 - 2.25 Sr2) X2]1° 
2 ( 1 -  2 . 2 5  S 2 )  

LCL = 2 X + 4 - [(4 + 2 X f  - 4(1 - 4 S2 ) X2 ]1 

2 ( 1 - 4 Sr2 ) 

where Sr = subjective interlaboratory relative standard deviation, which is close to the total 
interiaboratory Sr when approximately 100 fibers are counted. 

X = total fibers counted on sample 
LGL = lower 95% Confidence limit. 

UCL = upper 95% confidence limit. 
Note that the range between these two limits represents 90% of the total range. 

; 3 )  

( 4 )  

REFERENCES: 

[1] Leidel, N. A., S. G. Bayer, R. D. Zumwalde, and K. A. Busch. USPHS/NIOSH Membrane Filter 
Method for Evaluating Airborne Asbestos Fibers, U.S. Department of Health, Education, and 
Welfare, Publ. (NIOSH) 79-127 (1979). 

[2] Baron, P. A. and G. G. Pickford. "An Asbestos Sample Filter Clearing Procedure," Appl. Ind. Hyq.. 
1:169-171,199(1986). 

[3] Occupational Safety and Health Administration, U.S. Department of Labor, Occupational 
Exposure to Asbestos, Tremolite, Anthophyllite, and Actinolite Asbestos; Final Rules, 29 CFR 
Part 1910.1001 Amended June 20,1986. 

[4] Rooker, S. J., N. P. Vaughn, and J. M. LeGuen. "On the Visibility of Fibers by Phase Contrast 
Microscopy," Amer. Ind. Hvo, Assoc. J„ 43, 505-515 (1982). 

[5] Baron, P. and G. Deye, "Electrostatic Effects in Asbestos Sampling," Parts I and II Amer. Ind. 
Hvo. Assoc. J., 51,51-69 (1990). 

[6] Johnston, A. M., A. D. Jones, and J. H. Vincent. "The Influence of External Aerodynamic Factors 
on the Measurement of the Airborne Concentration of Asbestos Fibers by the Membrane Filter 
Method," Ann. OCCUP. Hvo.. 25. 309-316 (1982). 

[7] Beckett, S.T., "The Effects of Sampling Practice on the Measured Concentration of Airborne 
Asbestos," Ann. Occup. Hvo.. 21,250-272 (1980). 

[8] Jankovic, J. T., W. Jones, and J. Clere. "Field Techniques for Clearing Cellulose Ester Filters 
Used in Asbestos Sampling." Appl. Ind. Hvo.. 1,145-147 (1986). 

[9J Crawford, N. P., H. L, Thorpe, and W. Alexander. "A Comparison of the Effects of Different 
Counting Rules and Aspect Ratios on the Level ahd Reproducibility of Asbestos Fiber Counts," 
Part I: Effects on Level (Report No. TM/82/23), Part II: Effects on Reproducibility (Report No. 
TM/82/24), Institute Of Occupational Medicine, Edinburgh, Scotland (December, 1982). 

[10] NIOSH Manual of Analytical Methods, 2nd ed., Vol. 1., P&CAM 239, U S Department of Health, 
Education, and Welfare, Publ. (NIOSH) 77-157-A (1977). 

[11] Revised Recommended Asbestos Standard, U.S. Department of Health, Education, and Welfare, 
Publ. (NIOSH) 77-169 (1976); as amended in NIOSH statement at OSHA Public Hearing, June 
21, 1984. 

[12] Asbestos International Association, AIA Health and Safety Recommended Technical Method #1 
(RTMI). "Airborne Asbestos Fiber Concentrations at Workplaces by Light Microscopy" 
(Membrane Filter Method), London (1979). 

[13] Abell, M., S. Shulman and P. Baron. The Quality of Fiber Count Data, Appl. Ind. Hyq.. 4, 273-285 

NIOSH Manual of Analytical MeBiods (NMAM), Fourth Edition, 8/15/94 



ASBESTOS and OTHER FIBERS by PCM: METHOD 7400, Issue 2, dated 15 August 1994 - Page 12 of 15 

(1989). 
[14] "A Study of the Empirical Precision of Airborne Asbestos Concentration Measurements in the 

Workplace by the Membrane Filter Method," Asbestos Information Association, Air Monitoring 
Committee Report, Arlington, VA (June, 1983). 

[15] McCrone, W., L. McCrone and J. Delly, "Polarized Light Microscopy," Ann Arbor Science (1978). 
[16] Ogden, T. L. "The Reproducibility of Fiber Counts," Health and Safety Executive Research Paper 

18 (1982). 
[17] Schlecht, P. C. and S. A. Schulman. "Performance of Asbestos Fiber Counting Laboratories in the 

NIOSH Proficiency Analytical Testing (PAT) Program," Am. ]nd. Hva. Assoc. J., 47, 259-266 
(1986). 

[18] Chatfield, E. J. Measurement of Asbestos Fiber Concentrations in Workplace Atmospheres, Royal 
Commission on Matters of Health and Safety Arising from the Use of Asbestos in Ontario, Study 
No. 9,180 Dundas Street West, 22nd Floor, Toronto, Ontario, CANADA MSG 1Z8L 

[19] Walton, W. H. "the Nature, Hazards, and Assessment of Occupational Exposure to Airborne 
Asbestos Dust: A Review," Ann. Oceup. Hva.. 25. 115-247 (1982). 

[20] Cherrie, J., A.D. Jones, and A.M. Johnston, "the Influence of Fiber Density on the Assessment of 
Fiber Concentration Using the membrane filter Method." Am. Jnd. Hva. Assoc. J., 47(8). 465-74 
(1986). 

[21] Baron, P. A. and S. Shulman. "Evaluation Of the Magiscan Image Analyzer for Asbestos Fiber 
Counting." Am. Ind. Hva. Assoc. J., (in press). 

[22] Taylor, D. G., P. A. Baron, S. A. Shulman and J. W. Carter. "Identification and Counting of 
Asbestos Fibers," Am. |nd. Hyg. Assoc. J. 45(2). 84-88 (1984). 

[23] "Potential Health Hazards of Video Display terminals," NIOSH Research Report, June 1981. 
[24] "Reference Methods for Measuring Airborne Man-Made Mineral Fibers (MMMF)," WHO/EURO 

technical Committee for Monitoring an Evaluating Airborne MMMF, World Health Organization, 
Copenhagen (1985). 

[25] Criteria for a Recommended Standard...Occupational Exposure to Fibrous Glass, U.S. 
Department of Health, Education, and Welfare, Publ. (NIOSH) 77-152 (1977). 

METHOD WRITTEN BY: 

Paul A. Baron, Ph.D., NIOSH/DPSE. 

APPENDIX A: CALIBRATION OF THE WALTON-BECKETT GRATICULE: 

Before ordering the Walton-Beckett graticule, the following calibration must be done to obtain a counting 
area (D) 100 pm in diameter at the image plane. The diameter, dc (mm), of the circular counting area 
and the disc diameter must be specified when ordering the graticule. 

1. Insert any available graticule into the eyepiece and focus so that the graticule lines are sharp and 
clear. 

2. Set the appropriate interpupillary distance and, if applicable, reset the binocular head adjustment so 
that the magnification remains constant. 

3. install the 40 to 45X phase objective. 
4. Place a stage micrometer on the microscope object stage and focus the microscope on the graduated 

lines. 
5. Measure the magnified grid length of the graticule, L0 (pm), using the stage micrometer. 
6. Remove the graticule from the microscope and measure its actual grid length, La (mm). This can 

best be accomplished by Using a stage fitted with verniers. 
7. Calculate the circle diameter, dc (mm), for the Walton-Beckett graticule: 
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dc = x D. ( 5 )  
o 

Example: If L0 = 112 pm, L, = 4.5 mm and D = 100 pm, then dc = 4.02 mm. 

8. Check the field diameter, D (acceptable range 100 pm ± 2 pm) with a stage micrometer upon 
receipt of the graticule from the manufacturer. Determine field area (acceptable range 0.00754 
mm2 to 0.00817 mm2). 

APPENDIX B: COMPARISON OF COUNTING RULES: 

Figure 2 shows a Walton-Beckett graticule as seen through the microscope. The rules will be discussed 
as they apply to the labeled objects in the figure. 

Figure 2. Walton-Beckett graticule with fibers. 
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These rules are sometimes referred to as the "A" rules. 

FIBER COUNT 

Object Count 

1 1 fiber 

2 fiber 

DISCUSSION 

1 fiber 

1 fiber 

Do not 
count 

1 fiber 

1/2 fiber 

Optically observable asbestos fibers are actually bundles of fine fibrils. 
If the fibrils seem to be from the same bundle the object is counted as a 
single fiber. Note, however, that all objects meeting length and aspect 
ratio criteria are counted whether or not they appear to be asbestos. 

If fibers meeting the length and aspect ratio criteria (length >5 pm and 
length-to-width ratio >3 to 1) overlap, but do not seem to be part of the 
same bundle, they are counted as separate fibers. 

Although the object has a relatively large diameter (>3 pm), it is counted, 
as fiber under the rules. There is no upper limit on the fiber diameter in 
the counting rules. Note that fiber width is measured at the widest 
compact section of the object. 

Although long fine fibrils may extend from the body of a fiber, these 
fibrils are considered part of the fiber "if they seem to have originally 
been part of the bundle. 

If the object is <5 pm long, it is not counted. 

A fiber partially obscured by a particle is counted as one fiber. If the 
fiber ends emanating from a particle do not seem to be from the same 
fiber and each end meets the length and aspect ratio criteria, they are 
counted as separate fibers. 

A fiber which crosses into the graticule area one time is counted as 1/2 
fiber. 

Do not 
count 

Do not 
count 

Ignore fibers that Cross the graticulate boundary more than once, 
count 

Ignore fibers that lie outside the graticule boundary. 
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APPENDIX C. ALTERNATE COUNTING RULES FOR NON-ASBESTOS FIBERS 

Other counting rules may be more appropriate for measurement of specific non-asbestos fiber types, 
such as fibrous glass. These include the "B" rules given below (from NlOSH Method 7400, Revision #2, 
dated 8/15/87), the World Health Organization reference method for man-made mineral fiber [24], and 
the NlOSH fibrous glass criteria document method [25]. The upper diameter limit in these methods 
prevents measurements of non-thoracic fibers. It is important to note that the aspect ratio limits included 
in these methods vary. NlOSH recommends the use of the 3:1 aspect ratio in counting fibers. 

It is emphasized that hybridization of different sets of counting rules is not permitted. Report specifically 
which set of counting rules are used with the analytical results. 

"B" COUNTING RULES: 

1. Count only ends of fibers. Each fiber must be longer than 5 pm and less than 3 pm diameter. 
2. Count only ends of fibers with a length-to-width ratio equal to or greater than 5:1. 
3. Count each fiber end which falls within the graticule area as one end, provided that the fiber meets 

rules 1 and 2 above. Add split ends to the count as appropriate if the split fiber segment also meets 
the criteria of rules 1 and 2 above. 

4. Count visibly free ends which meet rules 1 and 2 above when the fiber appears to be attached to 
another particle, regardless of the size of the other particle. Count the end of a fiber obscured by 
another particle if the particle covering the fiber end is less than 3 pm in diameter. 

5. Count free ends of fibers emanating from large clumps and bundles up to a maximum of 10 ends (5 
fibers), provided that each segment meets rules 1 and 2 above. 

6. Count enough graticule fields to yield 200 ends. Count a minimum of 20 graticule fields. Stop at 
100 graticule fields, regardless of count. ' 

7. Divide total end count by 2 to yield fiber count. 

APPENDIX D. EQUIVALENT LIMITS OF DETECTION AND QUANTITATION 

fiber density on filter* .... fiber concentration in air, f/cc 
fibers 

Der 100 fields fibers/mm2 
400-L air 
sample 

1000-Lar 
sample 

200 255 0.25 0.10 

100 127 0.125 0.05 

LOQ 80 102 0.10 0.04 

50 64 0.0625 0.025 

25 32 0.03 0.0125 

20 25 0.025 0.010 

10 12.7 0.0125 0.005 

8 10.2 0.010 0.004 

LOD 5.5 7 0.00675 0.0027 

* Assumes 385 mm2 effective filter collection area, and field area = 0.00785 mm2, for relatively "clean" 
(little particulate aside from fibers) filters, 

NlOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94 



ATTACHMENT 4 

NIOSH Method 7402 

RST Region 2 version 2000.1 
8/00 



ASBESTOS by TEM 7402 

FORMULA: Various MW: Various CAS: Various RTECS: Various 

METHOD: 7402 EVALUATION: PARTIAL Issue 1: 15 May 1989 
Issue 2: 15 August 1994 

OSHA : 0.1 asbestos fibers (>5 pm long)/cc; 
1 f/cc/30 min excursion; carcinogen 

MSHA: 2 asbestos fibers/cc 
NIOSH: 0.1 f/cc (fibers > 5 pm !ong)/400 L; carcinogen 
ACGIH: 0.2 crocidolite; 0.5 amosite; 2 chrysotile 

and other asbestos, fibers/cc; carcinogen 

PROPERTIES: solid, fibrous, crystalline, 
anistrdpic 

SYNONYMS [CAS#]: actinolite [77536-66-4] orferroactinolite [15669-07-5]; amosite [12172-73-5]; anthophyllite [77536-67-5]; 
chrysotile [12001-29-5]; serpentine[18786-24-8]; crocidolite [12001-28-4];tremolite [77536-68-6]; amphibole asbestos [ 1332-21-4]. 

SAMPLING MEASUREMENT 

SAMPLER: FILTER TECHNIQUE: MICROSCOPY, TRANSMISSION 
(0.45- to 1.2-pm cellulose ester membrane, ELECTRON (TEM) 
25-mm diameter; conductive cassette) 

— ANALYTE: asbestos fibers 
FLOW RATE: 0,5 to 16 L/min 

. SAMPLE 
VOL-MIN*: 400 L @ 0.1 fiber/cc PREPARATION: modified Jaffe wick 

-MAX*: (step 4, sampling) 
•Adjust for 100 to 1300 fibers/mm2 EQUIPMENT- transmission electron microscope; energy 

SHIPMENT: 
dispersive X-ray system (EDX) analyzer 

SHIPMENT: routine (pack to reduce shock) 
CALIBRATION: qualitative electron diffraction; calibration 

SAMPLE of TEM magnification and EDX system 
STABILITY: stable 

of TEM magnification and EDX system 

RANGE: 100 to 1300 fibers/mm2 filter area [1] 
BLANKS: 2 to 10 field blanks per set •j 

ESTIMATED LOD: 1 confirmed asbestos fiber above 95% of 
expected mean blank value 

ACCURACY 
PRECISION (Sr): 0.28 when 65% of fibers are asbestos; PRECISION (Sr): 0.28 when 65% of fibers are asbestos; 

RANGE STUDIED: 80 to 100 fibers counted 
PRECISION (Sr): 

0.20 when adjusted fiber count is applied 
BIAS: not determined to PCM count [2], 

PRECISION (§rT): see EVALUATION OF 

ACCURACY: not determined 

APPLICABILITY: The quantitative working range is 0,04 to 0.5 fiber/cc for a 1000-L air sample. The LOD depends on sample 
volume and quantity of interfering dust, and is <0.01 fiber/cc for atmospheres free of interferences. This method is use d to 
determine asbestos fibers in the optically visible range and is intended to complement the results obtained by phase con trast 
microscopy (Method 7400). 

INTERFERENCES: Other amphibole particles that have aspect ratios greater than 3:1 and elemental compositions similar to the 
asbestos minerals may interfere in the TEM analysis. Some non-amphibole minerals may give electron diffraction patterns similar 
to amphiboles. High concentrations of background dust interfere wjth fiber identification. Some non-asbestos amphibole m inerals 
may give electron diffraction patterns similar to asbestos amphiboles. 

OTHER METHODS: This method is designed for use with Method 7400 (phase contrast microscopy). 
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REAGENTS: 

1. Acetone. (See SPECIAL PRECAUTIONS.) 

EQUIPMENT: 

1. Sampler, field monitor, 25-mm, three-piece cassette with ca. 50-mm electrically-conductive 
extension cowl, cellulose ester membrane filter, 0.45- to 1.2-pm pore size, and backup pad. 
NOTE 1: Analyze representative filters for fiber background before use. Discard the filter lot if 

mean count is >5 fibers/100 fields. These are defined as laboratory blanks. 
NOTE 2r. Use an electrically-conductive extension cowl to reduce electrostatic effects on fiber 

sampling and during sample shipment. Ground the cowl when possible during 
sampling. 

NOTE 3: 0.8-pm pore size filters are recommended for personal sampling. 0.45-pm filters are 
recommended for sampling when performing TEM analysis on the samples because the 
particles deposit closer to the filter surface. However, the higher pressure drop through 
these filters normally preclude their use with personal Sampling pumps. 

2. Personal sampling pump, 0.5 to 16 L/min, with flexible connecting tubing. 
3. Microscope, transmission electron, operated at ca. 100 kV, with electron diffraction and 

energy-dispersive X-ray capabilities, and having a fluorescent screen with inscribed or overlaid 
calibrated scale (Step 15). 
NOTE: The scale is most efficient if it consists of a series of lines inscribed on the screen or partial 

circles every 2 cm distant from the center. 
4. Diffraction grating replica with known number of lines/mm. 
5. Slides, glass, pre-cleaned, 25- x 75-mm. 
6. Knife, surgical steel, curved-blade. 
7. Tweezers. 
8. Grids, 200-mesh TEM copper, (optional: carbon-coated). 
9. Petri dishes, 15-mm depth. The top and bottom of the petri dish must fit snugly together. To assure 

a tight fit, grind the top and bottom pieces together with an abrasive such as carborundum to 
produce a ground-glass contact surface. 

10. Foam, clean polyurethane, spongy, 12-mm thick. 
11. Filters, Whatman No. 1 qualitative paper or equivalent, or lens paper. 
12. Vacuum evaporator. 
13. Cork borer, (about 8-mm). 
14. Pen, waterproof, marking. 
15. Reinforcement, page, gummed. 
16. Asbestos standard bulk materials for reference; e.g. SRM #1866, available from the National Institute 

of Standards and Technology. 
17. Carbon rods, sharpened to 1 mm x 8 mm. 
18. Microscope, light, phase contrast (PCM), with Walton-Beckett graticule (see method 7400). 
19. Grounding wire, 22-gauge, multi-strand. 
20. Tape, shrinks or adhesive-. 

SPECIAL PRECAUTIONS: Acetone is extremely flammable (flash point = 0 °F). Take precautions not 
to ignite it. Heating of acetone must be done in a fume hood using a flameless, spark-free heat source. 
Asbestos is a confirmed human carcinogen. Handle only in a well-ventilated fume hood. 
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SAMPLING: 

1. Calibrate each personal sampling pump with a representative sampler in line. 
2. For personal sampling, fasten sampler to worker's lapel near worker's mouth. Remove the top 

cover from cowl extension ("open-face") and orient sampler face down. Wrap joint between 
extender and monitor body with tape to help hold the cassette together and provide a marking 
surface to identify the cassette. Where possible, especially at low %RH, attach sampler to 
electrical ground to reduce electrostatic effects during sampling. 

3. Submit at least two field blanks (or 10% of the total samples, whichever is greater) for each set 
of samples. Remove top covers from the field blank cassettes and store top covers and 
cassettes in a clean area (e.g., closed bag or box) during sampling. Replace top covers when 
sampling is completed, 

4. Sample at 0.5 to 16 L/min [3]. Adjust sampling rate, Q (L/min), and time, t (min), to produce 
fiber density, E, of 100 to 1300 fibers/mm 2 [3.65 • 104 to 5 • 10s fibers per 25-mm filter with 
effective collection area (A c= 385 mm2)] for optimum accuracy. Do not exceed ca. 0.5 mg total 
dust loading on the filter. These variables are related to the action level (one-half the current 
standard), L (fibers/cc), of the fibrous aerosol being sampled by: 

t = : E , min. 
Q L - 1 0 3  

NOTE: The purpose of adjusting sampling times is to obtain optimum fiber loading on the filter. 
A sampling rate of 1 to 4 L/min for 8 h (700 to 2800 L) is appropriate in atmospheres 
containing ca. 0.1 fiber/cc in the absence of significant amounts of non-asbestos dust> 
Dusty atmospheres require smaller sample volumes ( <400 L) to obtain countable 
samples. In such cases take short, consecutive samples and average the results over 
the total collection time. For documenting episodic exposures, use high rates ( 7 to 16 
L/min) over shorter sampling times. In relatively clean atmospheres, where targeted 
fiber concentrations are much less than 0.1 fiber/cc, use larger sample volumes (3000 to 
10000 L) to achieve quantifiable loadings. Take care, however, not to overload the filter 
with background dust [3]. 

5. At the end of sampling, replace top cover and small end caps. 
6. Ship samples upright with conductive cowl attached in a rigid container with packing material to 

prevent jostling or damage. 
NOTE: Do not use untreated polystyrene foam in the shipping container because electrostatic 

forces may cause fiber loss from sample filter. 

SAMPLE PREPARATION: 

7. Remove circular sections frorn any of three quadrants of each sample and blank filter using a 
cork borer [4], The Use of three grid preparations reduces the effect of local variations in dust 
deposit on the filter. 

8. Affix the circular filter sections to a clean glass slide with a gummed page reinforcement. Label 
the slide with a waterproof marking pen. 
NOTE: Up to eight filter sections may be attached to the same slide. 

9. Place the slide in a petri dish which contains several paper filters soaked with 2 to 3 mL 
acetone. Cover the dish. Wait 2 to 4 min for the sample filters) to fuse and clear. 
NOTE: The "hot block" clearing technique [5] of Method 7400 or the DMF clearing technique [6] 

may be used instead of steps 8 and 9, 
10. Transfer the slide to a rotating stage inside the bell jar of a vacuum evaporator. Evaporate a 1-

by 5-mm section Of a graphite rod onto the cleared filter(s). Remove the slide to a clean, dry, 
covered petri dish [4], 

11. Prepare a second petri dish as a Jaffe wick washer with the wicking substrate prepared frorn 
filter or lens paper placed on top of a 12-mm thick disk of clean, spongy polyurethane foam [7], 
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Cut a V-notch on the edge of the foam arid filter paper. Use the V-notch as a reservoir for 
adding solvent. 
NOTE: The wicking substrate should be thin enough to fit into the petri dish without touching 

the lid. 
12. Place the TEM grid on the filter or lens paper. Label the grids by marking with a pencil on the 

filter paper or by putting registration marks on the petri dish halves and marking with a 
waterproof marker on the dish lid. In a fume hood, fill the dish with acetone until the wicking 
substrate is saturated. 
NOTE: The level of acetone should be just high enough to saturate the filter paper without 

creating puddles. 
13. Remove about a quarter section of the carbon-coated filter from the glass slide using a surgical 

knife and tweezers. Carefully place the excised filter, carbon side down, on the 
appropriately-labeled grid in the acetone-saturated petri dish. When all filter sections have been 
transferred, slowly add more solvent to the wedge-shaped trough to raise the acetone level as 
high as possible without disturbing the sample preparations. Cover the petri dish. Elevate one 
Side of the petri dish by placing a slide under it (allowing drops of condensed acetone to form 
near the edge rather than in the center where they would drip onto the grid preparation). 

CALIBRATION AND QUALITY CONTROL: 

14. Determine the TEM magnification on the fluorescent screen: 
a. Define a field of view on the fluorescent screen either by markings or physical boundaries. 

NOTE: The field of view must be measurable or previously inscribed with a scale or 
concentric circles (all scales should be metric) [7], 

b. Insert a diffraction grating replica into the specimen holder and place into the microscope. 
Orient the replica so that the grating lines fall perpendicular to the scale on the TEM 
fluorescent screen. Ensure that goniometer stage tilt is zero. 

c. Adjust microscope magnification to 10.000X. Measure the distance (mm) between the same 
relative positions (e.g., between left edges) of two widely-separated lines on the grating 
replica. Count the number of spaces between the lines. 
NOTE: On most microscopes the magnification is substantially constant only within the 

central 8- to 10-cm diameter region of the fluorescent screen. 
d. Calculate the true magnification (M) on the fluorescent screen: 

Y 

where: X = total distance (mm) between the two grating lines; 
G = calibration constant of the grating replica (lines/mm); 
Y = number of grating replica spaces counted 

e. After calibration, note the apparent sizes of 0.25 and 5,0 pm on the fluorescent screen. 
(These dimensions are the boundary limits for counting asbestos fibers by phase contrast 
microscopy.) 

15. Measure 20 grid openings at random on a 200-mesh copper grid by placing a grid on a glass 
slide and examining it under the PCM. Use the Walton-Beckett graticule to measure the grid 
opening dimensions. Calculate an average graticule field dimension from the data and use this 
number to calculate the graticule field area for an average grid opening. 
NOTE: A grid opening is considered as one graticule field. 

16. Obtain reference selected area electron diffraction (SAED) or microdiffraction patterns from 
standard asbestos materials prepared for TEM analysis. 
NOTE: This is a visual reference technique. No quantitative SAED analysis is required [7]. 

Microdiffraction may produce clearer patterns on very small fibers or fibers partially 
obscured by other materiaL 

a. Set the specimen holder at zero tilt. 
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b. Center a fiber, focus, and center the smallest field-limiting aperture on the fiber. Obtain a 
diffraction pattern. Photograph each distinctive pattern and keep the photo for comparison 
to unknowns, 
NOTE: Not all fibers will present diffraction patterns. The objective lens current may need 

adjustment to give optimum pattern visibility. There are many more amphiboles 
which give diffraction patterns similar to the analytes named on p. 7402-1, Some, 
but not all, of these can be eliminated by chemical separations. Also, some 
non-amphiboles (e.g., pyroxenes, some talc fibers) may interfere. 

17. Acquire energy-dispersive X-ray (EDX) spectra on approximately 5 fibers having diameters 
between 0.25 and 0.5 pm of each asbestos variety obtained from standard reference materials 
[7]. 
NOTE: The sample may require tilting to obtain adequate signal. Use same tilt angle for all 

spectra. 
a. Prepare TEM grids of all asbestos varieties. 
b. Use acquisition times (at least 100 sec) sufficient to show a silicon peak at least 75% of the 

monitor sCreeri height at a vertical scale of >500 counts per channel. 
c. Estimate the elemental peak heights visually as follows: 

(1) Normalize all peaks to silicon (assigned an arbitrary value of 10). 
(2) Visually interpret all other peaks present and assign values relative to the silicon peak. 
(3) Determine an elemental profile for the fiber using the elements Na, Mg, Si, Ca, and Fe. 

Example; 0-4-10-3-<1 [7]. 
NOTE: In fibers other than asbestos, determination of Al, K, Ti, S, P, and F may also 

be required for fiber characterization. 
(4) Determine a typical range of profiles for each asbestos variety and record the profiles 

for comparison to unknowns. 

MEASUREMENT: 

18. Perform a diffraction pattern inspection on all sample fibers counted under the TEM, using the 
procedures given in step 17. Assign the diffraction pattern to one of the following structures: 
a. chrysotile; 
b. amphibole; 
c. ambiguous; 
d. none. 
NOTE: There are some crystalline substances which exhibit diffraction patterns similar to those 

of asbestos fibers. Many of these, (brucite, halloysite, etc.) can be eliminated from 
consideration by chemistry. There are, however, several minerals (e.g., pyroxenes, 
massive amphiboles, and talc fibers) which are chemically similar to asbestos and can 
be considered interferences. The presence of these substances may warrant the use of 
more powerful diffraction pattern analysis before positive identification can be made! If 
interferences are suspected, morphology can play an important role in making positive 
identification. 

19. Obtain EDX spectra in either the TEM or STEM modes from fibers on field samples using the 
procedure of step 18. Using the diffraction pattern and EDX spectrum, classify the fiber 
a. For a chrysotile structure, obtain EDX spectra on the first five fibers and one out of ten 

thereafter. Label the range profiles from 0-5-10-0-0 to 0-10-10-0-0 as "chrysotile." 
b. For an amphibole structure, obtain EDX spectra on the first 10 fibers and one out of ten 

thereafter. Label profiles ca. 0-2-10-0-7 as "possible amosite"; profiles ca. 1-1-10-0-6 as 
'possible cracidolite"; profiles ca. 0-4-10-3-<1 as "possible tremolite"; and profiles ca. 
0-3-10-0-1 as "possible anthophyllite." 
NOTE: The range of profiles for the amphiboles will vary up to ± 1 unit for each of the 

elements present according to the relative detector efficiency of the spectrometer. 
c. For an ambiguous structure, obtain EDX spectra on all fibers. Label profiles similar to the 

chrysotile profile as "possible chrysotile." Label profiles similar to the various amphiboles as 
"possible amphiboles." Label all others as "unknown" or "non-asbestos." 
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20. Counting and Sizing: 
a. Insert the sample grid into the specimen grid holder and scan the grid at zero tilt at low 

magnification (ca. 300 to 500X). Ensure that the carbon film is intact and unbroken over ca. 
75% of the grid openings. 

b. In order to determine how the grids should be sampled, estimate the number of fibers per 
grid opening during a low-magnification scan (500 to 1000X). This will allow the analyst to 
cover most of the area of the grids during the fiber count arid analysis. Use the following 
rules when picking grid openings to count [7,8]: 
(1) Light loading (<5 fibers per grid opening): count total of 40 grid openings, 
(2) Moderate loading (5 to 25 fibers per grid opening): count minimum of 40 grid openings 

or 100 fibers. 
(3) Heavy loading (>25 fibers per opening): count a minimum of 100 fibers and at least 6 

grid openings. 
Note that these grid openings should be selected approximately equally among the three 
grid preparations and as randomly as possible from each grid. 

c. Count only grid openings that have the carbon film intact At 500 to 1000X magnification, 
begin counting at one end of the grid and systematically traverse the grid by rows, reversing 
direction at row ends. Select the number of fields per traverse based on the loading 
indicated in the initial scan. Count at least 2 field blanks per sample set to document 
possible contamination of the samples. Count fibers using the following rules: 
(1) Count all particles with diameter greater than 0.25 pm that meet the definition of a fiber 

(aspect ratio >3:1, longer than 5 pm). Use the guideline of counting all fibers that would 
have been counted under phase contrast light microscopy (Method 7400). Use higher 
magnification (10000X) to determine fiber dimensions and countability under the 
acceptance criteria. Analyze a minimum of 10% of the fibers, and at least 3 asbestos 
fibers, by EDX and SAED to confirm the presence of asbestos. Fibers of similar 
morphology under high magnification ran be identified as asbestos without SAED. 
Particles which are of questionable morphology should be analyzed by SAED and EDX 
to aid in identification. 

(2) Count fibers which are partially obscured by the grid as half fibers. 
NOTE: If a fiber is partially obscured by the grid bar at the edge of the field of view, 

count it as a half fiber only if more than 2.5 pm of fiber is visible. 
(3) Size each fiber as it is counted and record the diameter and length: 

(a) Move the fiber to the center of the screen. Read the length of the fiber directly from 
the scale on the screen. 
NOTE 1: Data ran be recorded directly off the screen in pm and later converted 

to pm by computer. 
NOTE 2: For fibers which extend beyond the field of view, the fiber must be 

moved and superimposed upon the scale until its entire length has been 
measured. 

(b) When a fiber has been sized, return to the lower magnification and continue the 
traverse of the grid area to the next fiber. 

d. Record the following fiber counts: 
(1) fs, fb - number of asbestos fibers in the grid openings analyzed on the sample filter and 

corresponding field blank, respectively, 
(2) Fs, Fb = number of fibers, regardless of identification, in the grid openings analyzed on 

the sample filter and corresponding field blank, respectively. 
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CALCULATIONS: 

21. Calculate and report the fraction of optically visible asbestos fibers on the filter, 
(fs - fb)/(Fs - Fb). Apply this fraction to fiber counts obtained by PCM on the same filter or on other 
filters for which the TEM sample is representative. The final result is an asbestos fiber count. The 
type of asbestos present should also be reported. 

22. As an integral part of the report, give the model and manufacturer of the TEM as well as the model 
and manufacturer of the EDX system. 

EVALUATION OF METHOD: 

The TEM method, using the direct count of asbestos fibers, has been shown to have a precision of 
0.275 (sr) in an evaluation of mixed amosite and wollastonite fibers. The estimate of the asbestos 
fraction, however, had a precision of 0,11 (s r). When this fraction was applied to the PCM count, the 
overall precision of the combined analysis was 0.20 [2], 
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